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RECENT ADVANCES IN SCIENCE 

FVSS XATXZMATZOI. By F. Pukybr Whitb. M.A., St. John'* 

College, Cambridge. 

Theory of Aggregates .—Little work has been done so far with 
regard to regions of which the connectivity is infinite. In his 
Grundziige der Mengenlekre (Leipzig, 1914) HausdorfF makes 
the statement that we can in this case make arbitrarily many 
successive cross-cuts without dissevering the region G, the 
resulting regions having still infinite connectivity, and goes 
on to remark that it would be untrue to say that we can make 
an infinite number of cross-cuts without dissevering G, for the 
remaining aggregate need be neither a region nor connected. 
P. Urysohn {Math. Zeits., 1924, 133-50) discusses this 
last statement. It is easy to see by particular examples that 
Hausdorff’s assertion is true in the sense that it has not been 
proved that we can make an infinite number of cross-cuts 
without dissevering G, but Urysohn goes further and proves 
that we can always choose an enumerable aggregate of cross¬ 
cuts in such a way that we get a simply-connected region. A 
much more definite theorem is the following : For any bounded 
connected plane region G we can find a system (finite in number 
or an enumerable aggregate) of rectilinear cross-cuts Ji, Jt • • •, 
not intersecting, such that G - is a simply-connected 
r^on. The proof is -highly complicated, but that, says the 
author, “ in der Natur der Sache liegt." 

Analysis .—In a series of papers dating back to 1911, J. Horn 
has dealt with the representation of the solutions of linear 
and non-linear differential and difference equations and of 
intenal equations of the Volterra t}rpe as Laplace integrals 
of the form 


These, which can be expressed asymptotically by divownt 
power series, can be developed as convergent factorial or 
gammaquotient series. In the first part of a recent paper 
{Math. Ztite., £ 1 « 1924, 85-95) he shows that the int^;rals 

I 
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caa also be developed as convergent binomial-coefficient series 
(Newton series) of the form 



The second part of the paper gives a correction to a previous 
paper on the development in gammaquotient series. Finally, 
the author discusses a paper by Garnier (Liouvitle, tgtg, 
99-200) dealing with the irregular singularities of linear 
differential equations. Gamier considered a linear differential 
equation with a place of indetermination x >=- 00 as the limiting 
case of an equation with regular singularities which tend to 
infinity. The substitutions of the group of monodromy thereby 
pass into the relations between the special integrals, the 
“ rdations de structure." Horn obtains these relations, for 
the case of a second order equation, by means of the Laplace 
integrals, and remarks that an alternative method is the 
method of successive approximations, by means of which he 
has investigated the behaviour of the integrals in the complete 
neighbourhood of the irregularity. 

A. Besikowitsch {Math. Zeits., fSL, 1924, 111-18) shows 
that given an arbitrary function tf>{x) with continuous ibth 
derivative we can always find a function f(x) which is analytic 
fmr o< 2;<i, which has with all its derivatives assigned values 
for * -■ o and « — i, and for which the diffea-ence /(*) - ^») 
and its first k derivatives are arbitrarily small; he thus proves 
an assertion made by Birkhoff without proof. He is also able 
to establish a related theorem for analytic functions of a complex 
variable. The same author, in collaboration with J. Tamarkin 
{ibid., 119-25), then applies his construction to obtain 
asymptotic expressions for the int^als of a system of linear 
differential equations which depend upon a parameter. 

V. Kock {McUh. Zeits., 81, 1924, 161-73) obtains the solu¬ 
tion of a Volterra integral equation of the second kind of the 
special form 

as a definite integral. He gives examples, one of which had 
been previoiuly discussed by Whittaker. 

The classical problem of the inversion of the definite integral 
with fixed finite limits ; that is, given any kernel K(s, t), to 
find g(/) so as to satisfy 

£k(5 , t}i{t)dimf{s), s, b, 

when/(s) is given, was indirectly solved by Picard and Lauricella 
in 1909 by a method which assumed that all adjoint charaderis- 
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tic functions ^m{s) nnd 0 were known explicitly. 

The consecutive determination of these functions had been 
shown to be possible by means of Schmidt’s iteration process, 
but the actual carrying through of the work is impracticable, 
and it seemed desirable to build up another method by j^plyin^ 
Schmidt’s process directly to the original equation. Tnis was 
done by Vergerio (1916) and Mollerup (1923), but even here an 
infinite sequence of consecutively conditioned limit processes 
of three kinds, iteration, determination of characteristic func¬ 
tions, calculation of Fourier constants, has to be carried out 
before the conditions for a solution and the minimal solution 
can be given. In the older literature the existence of a sym¬ 
metrical inversion formula 

j'H(s,/)/(») *-«(/) 

was guessed at and sought for, and indeed for infinite limits of 
integration such inversions (Fourier and Bessel integrals) are 
well known. C. H. Miintz {Math. Ann., 87, 1922, 139-49) 
has recently shown that a resolving kernel H(s, i) only exists 
if the original kernel K(s, /) can be expressed in the form 

K(5,/)-rp,(s)9«(/). 

and he reduced to a few lines the solution of the original 
problem, with the help of the theory of orthogonal S3rstems. 
He now (Math. Zeits., 81, 1924,^ 96-110) shows that the 
simple iteration process of Vergerio and Mollerup, with the 
help of orthogonal systems, gives a solution of the problem 
which is simple and practicable. The same process also gives 
all the adjoint characteristic functions. 

If we have given a system of functions F,(2r), F^x), .. and 
a function F(a:), for a '^x^b, then there arises in the theory 
of approximations the question whether F can be expressed as 

a linear aggregate of the form 2a^’F.(x) with an error of 

arbitrarily assign^ smallness. This is clearly the case for any 
continuous function F(*) with F,(*) It may happen 

that c^ain partial sequences from among the F,(x) are suffi¬ 
cient—^for example, for F,(*) — we can take a sequence 

I, where 7(i/v,) diverges. There are, however, 

certain systems of functions F,(x) such that any infinite partial 
sequence from them is capable of giving thus an approximation 
to any continuous function, e.^the Bernoulli pol3moniiaIs. In 
general a prescribed system Fni^) will be capable of giving 
approximations only to a certain class of functions F(x); if, then, 
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eve^ function which can be approximated to by all the F^x) 
retains the property for any partial system of the F,(*), the 
system is called “ dense ” (dicht) by C. H. Mtintz, who proves, 
in the second part of the paper quoted above, that the indefinite 

int^;rak of the functions /.(s) obtained by iteration 

from a given S3anmetrical kernel and a given function fX^), 
both of whose squares are summable, by the formula 

give such a dense system. The Bernoulli functions are included 
as a special case. 

Algebraic Numbers. —The number-fields K(€) of the /'-th 
and K(f) of the /-th roots of unity differ essentially in their 
properties according as their class~nutnbers, i.e. the (finite) 
numbers of ideal-classes, are or are not divisible by the prime 
number /. In the former case the fields are said to be irregular ; 
such fields arise for / 37, 59, 67. Since the time of Kummer 

irregular fields have several times been treated, notably by 
E. Hecke and F. Bernstein, who showed that with certain 
assumptions as to their properties it is possible to prove Fermat’s 
Last Theorem. F. Pollaczek (Math. Zeits., 81, 1924, 1-38) 
has recently made a new investigation of the subject, basing 
himself upon the work of Furtwangler on general number- 
fields ; in particular he deals with the simplest case in which 
the class-number is divisible by the first power of / only. He 
examines, in a concluding paragraph, the relation of his results 
to the assumptions referred to above. 

Conformal Representation. —^The possibility of representing 
any simply-connected polygon upon the unit circle by meant 
of the Schwarz-Christoffel formula was first proved by meant 
of an appeal to the general theorem of Riemann on conformal 
representation. Later Schl^fii, Phragm^n, and Bieberbach> 
gave direct proofs by the method of continuity. The formula 

» - M j^i - »-<•* ... (1 - 

with M >0, Ck — e**, j ^8* | < i and i/S* ■- 2, 

represents the unit circle of the f (— ptf‘')-plane upon a polygon 
of n sides with exterior angles tt, . . . which contains 
the point a 0 in its interior. We have to show that this 
formula, by suitable choice of the parameters M, can 
give any simple polygon containing the origin. The aggrerate 
of polygons P, (not necessarily simple! given the formuk is 
a connected an-dimensional manifolo K,. Ine ag^^ate of 
simple polygons P enclosing the origin is likewise a 2 m- 
dimensioiud manifold K. We have to show that to eveiy 
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” point *’ P of K there corresponds a " point ” P, of K,. First 
we {>rove that the manifold K is connected. Then we consider 
a point P; of K, for which all /S!, > o; to it corresponds certainly 
a point P* of K, since the formula in this case gives a convex 
and therefore simple polygon. Join P to P by a continuous 
curve L in K ; we have to show that by continuous variation of 
the co-ordinates of PJ we can find a point in K, corresponding 
to each point of L. The first step of the proof of the " neigh¬ 
bourhood ” theorem (Umgebungssatz), that if to a point P 
on L there corresponds a point P, of K„ the same is true for 
a complete neighbourhood of P. Bieberbach proved this by 
means of a theorem of Brouwer in Analysis Situs ; Schl^fli 
reduced it to the theorem that a certain functional determinant 
does not vanish, and proved this by a complicated calculation ; 
A. Weinstein {Math. Zeits., 81 , 1924, 72-84), the latest writer 
on the subject, whose aim is to give a completely elemental 
proof of the original theorem, proves Schlafli’s theorem in 
a much simpler manner. We have next to show that as we 
go along L no “ threshold ” (Schwelle) P' occurs, such that 
only the P on L which precede P' have corresponding points in 
K„ and P' itself does not. Bieberbach deduced this from 
general results of Caratheodory on the convergence of sequences 
of functions, but Weinstein prefers to follow Phragmdn, who 
completed the work of Schlafli, and prove first an intermediate 
theorem, which establishes bounds for the values of the co¬ 
ordinates of the point P, corresponding to a point P on L. 
He points out that Phragm^n’s proof is only valid for convex 
polygons, and supplies the deficiency. The final result then 
follows without difficulty. 

Continuous Groups. —The calculation of the differential 
invariants of a continuous transformation group in two (non- 
homogencous) variables, as undertaken by Lie, requires the 
integration of complete systems of differential equations and 
is a matter of great labour and complication. G. Kowalewski 
{Math. Zeits., 81 , 1924, 39-44) has now shown how in many 
cases this can be avoided and the results obtained without 
any integration. The centre point of the method is a theorem 
whereby, given an invariant arc-clement, an invariant surface- 
element, and an invariant differential equation of higher order 
than the first, we can at once write down a differential invariant, 
which in certain cases must in fact be a constant. Thus for the 
general linear group G,, the differential equations of the straight 
fine, y, - O, and of the parabola, (yt"*'*)' - O, are invariant, 
and the fundamental theorem leads at once to the formulae 

y ^-* - I, (y,-”)' 

whov ndx it an invariant arc-element and /i{dxfy-dySx) an 
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invariant surface-element, both of less than the sth order. 
These determine fl and <», and a second application of the 
theorem, using the invariant diflFerential equation of the conic, 
— o, leads at once to the lowest differential invariant, 

Automorpkic Functions .—^The theory of automorphic func¬ 
tions depends upon the discontinuous groups of one-one trans¬ 
formations, the functions being invariants of the groups. For one 
complex variable the linear transformations x' «= {ax + b)/{€x+d) 
are the only birational transformations, but for several 
variables there are birational transformations of any order, 
the Cremona transformations. Hence the first step in the 
theory of automorphic functions of several variables is the 
investigation of discontinuous groups of Cremona transforma¬ 
tions. The whole of such transformations of a space R, forms 
a continuous group ; this contains certain continuous sub¬ 
groups depending upon a finite number of parameters. We 
can consider such finite, continuous Cremona groups as a first 
generalisation of the collineation group, the simplest special 
case, and in the first instance we may confine ourselves to their 
sub-groups. In the plane the finite, continuous Cremona 
groups are ail known ; they are (i) the 8-parameter collineation 
group, (2) the 6-parameter group of quadratic transformations 
with two fixed base points, (3) the (n + 5)-parameter Jonqui^es 
group of transformations of order n, which leave invariant a 
pencil of lines and a linear system of curves of any order which 
have the centre of the pencil for a common (n — i)-ple point 
and have common tangents there. Among the discontinuous 
groups of (1) are the group of the Abelian functions and the 
h3'perfuchsian group of linear substitutions (discovered by 
Picard) which leave an indefinite Hermitian form invariant. 
TTie discontinuous groups of (2) can be transformed into the 
group of direct circular transformations {Kreisvmoandtschajten) 
or the hyperabelian group, the theory of which is likewise due 
to Picard. P. J. M3rrberg {Math. Zeits., 81 , 1924, 224-53), 
in a very readable and interesting paper, sets himself to investi¬ 
gate discontinuous Jonquidres groups, and thus to write a first 
chapter on automorphic functions of two variables. By suit¬ 
able choice^ of non-homogeneous co-ordinates the general 
transformation of the Jonqui^es group can be written 

cx + d’^ (ex + d)* ’ 

and contains {n + s) essential parameters. For n * i, we 
get the linear transformation 


^ k^ y + kiX + 
cx ^ + d 
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The simplest example of a discontinuous group of this kind 
is the group «'■■« + o», + ■■ cc®, + du^ 

of the doubly>periodic functions of u with periods o*|, in 
which the coemcients take all integral values satis^ng the 
condition ad — be i. Every elliptic function considered as 
a function of u, a>„ is an automorphic form of the ^oup, and 
the forms of zero dimensions are automorphic functions of the 
non-homogeneous group 

, ^ + 6 , y + lx + m 

* cx + d ’^ CX + d 

Those of the forms which are independent of y reduce to modular 
functions. Now instead of the modular group we can take in 
the complex plane any essentially discontinuous group of linear 
substitutions and obtain a corresponding ternary collineation 
group and a general Jonquiferes group. We thus get a class 
of automorphic functions which is related in an interesting way 
to the automorphic functions of one variable. Using these 
functions, for example, we can, for certain classes of linear 
differential equations, express the inverse functions of the 
inte^al quotients as single-valued functions and thus solve 
the mversion problem whose solution for homogeneous linear 
differential equations of the second order is given by the 
automorphic functions of one complex variable. 

Differential Geometry ,—W. Blaschke {Math. Zeits., 81 , 1924, 
20 S|-io) proves that the only system of curves on a sphere 
which possess the following three properties—(i) the curves are 
differentiable, closed, and have no double points, (2) one and 
only one curve of the system passes through three points of the 
sphere, fs) any two curves of the system which intersect do so 
at equal angles at the two points of intersection—consists of 
the plane sections, i.e. of circles. 

ASnMnfOlIT. By W. M. H. Gkbavbs, M.A., Royal Obaervatory, 

Gnenwicb. 

Effective Temperatures of Stars .—In the Royal Astronomical 
Society's Monthly Notices for March 1925, R. A. Sampson mves 
an account of the spectrophotometric work which has been 
carried out recently at Edinburgh. .The effective temperature 
of a star may be defined as that temperature at which a “ black 
body " wiU emit luminosity whose intensity-distribution 
in the spectrum agrees most closely with the intensity-distribu¬ 
tion of the light from the star in question. Consequently, in 
order to obtain a star’s effective temperature it is necessary 
in some way or other to measure the relative intensities in 
different spectral regions of the light knitted by the star. The 
problem is complicated by the absorbtion lines in the star's 




d SCIENCE PROGRESS 

spectrum ; it is necessaiy to obtain the intensity distribution 
which would manifest itself if these lines were not present. 
In other words, the measured spectrum must be “ smoothed." 

In obtaining the spectra the Edinburgh observers used an 
objective prism of 12® angle in front of a 6-in. photovisual 
object glass giving a sharp focus from (B) to (K) with a dispersion 
over all of i mm.— 121 angstrom units.^ Photographs of 
the spectra of stars were obtained with this instrument, and 
the problem of measurement became one of measuring the 
density of photographic deposit in different spectral regions, 
and then converting these measures into measures of light- 
intensity. The photographic densities were measured with a 
Koch microphotometer. In this instrument, a description of 
which is to be found in Monthly Notices R.A.S. vol, 83, no. 3, 
pp. 174 et seq., the spectral plate under examination was 
moved past a slit through which a beam from a source of light 
fell on it, and after passing through the photographic deposit was 
incident on the sensitive surface of a photo-electric cell. A 
second beam from the same source fell on the sensitive surface 
of a second cell. The two cells were connected in series with a 
battery, and as the spectral plate moved past the slit, the elec¬ 
tric charge on the connection between the grid of the first cell 
and the sensitive surface of the second was subject to variation, 
and these variations were registered by a string electrometer, 
which was fitted with a projection apparatus for project!^ a 
spot of light on to the surface of a moving photographic film. 
In this way a trace was obtained showing (after calibration) 
a plot of density of photographic deposit against wave-length. 
The absorbtion lines were smoothed out by drawing a pencil 
curve through the peaks of the trace and the ordinates were 
then measured for definite wave-lengths. 

It remains to convert the measures into measures of light 
intensity. In order to do this, experimental exposures were 
made for the same time and for ascertained ratios of intensity, 
and these exposures give the necessary data. It should be 
mentioned that all the exposures were made on standard plates, 
with standard conditions of development and exposure. 
Actually, the process, which is fully explained by Prof. Sampson, 
gives for any wave-length the ratio of the light-intensities of 
two stars on the same plate. It is necessary to adopt some 
definite star as standard, and Polaris was actually adopted, 
the spectra of other stars being compared with that of Polaris. 

The procedure was now as follows. Denoting by I* and I * 
the spectral intensities for wave-length \ of a star and of Polaris, 
the measures gave the ratios I* /r* for various values of 
Assuming an effective temperature 6500® for Polaris, we can 
calculate by Planck's Mack-body formula the ratio 1 *,/^^« for 
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any two wave-lengths X,, X,. We then get the ratio Ix^/lx,. In 
ower words, the comparison with Polaris yields measures of 
the relative intensities U of the star for different wave-lengths 
X. The temperature at which these values most closely fit 
the black-body formula is, after suitable corrections, the effective 
tenmerature of the star. 

The most important correction is that for the effect of 
atmospheric absorbtion. If the star and Polaris were photo¬ 
graphed at the same altitude, we would expect the value 
obtained for the effective temperature in the manner explained 
above to be correct, save for accidental error, but if the star 
were photographed at a low altitude, the effect of relative 
absorbtion of the atmosphere would make it appear too red and 
the deduced temperature would be too low. Prof. Sampson 
gives a formula which was used to correct the measures. This 
formula was obtained by comparing the results for different 
altitudes. A further correction was one to the black-body 
formula itself, expressing the departure of stellar radiation from 
the ideal conditions of black-body radiation. This is a well- 
known phenomenon in the case of the sun, and Prof. Sampson 
assumes that the correcting factor is the same for stars as it is 
for the sun. 

In obtaining the best fit of the observations of a star to the 
(corrected) black-body formula. Prof. Sampson’s procedure is 
effectively as follows. The measured values I* of the intensity 
of radiation for wave-length X are plotted as ordinates against 
i/X as abscissa, and the straight line of closest fit is drawn 
tnrough the plotted points. The slope of this line is a measure 
of the reciprocal of the temperature. In the majority of cases 
thestraight lines fit the points very well, but there are exceptional 
cases in which the fit is not good. For instance, the plotted 
points in the case of 7 Cassiopeia, a star of spectral type Bop, 
appear to lie not on one, but on two intersecting straight lines. 

The effective temperatures of 64 stars are given in the paper. 
A study is made of the connection between effective 
temperature and spectral type. A study is also made of the 
observations of S Cephii. 

It was mentioned above that the adopted effective tem¬ 
perature of Polaris was 6500®. This figure was obtained by 
a series of comparisons between Polaris and Capella, an effective 
temperature of 5500® being adopted for Capella. 

Another series of determinations of effective temperature 
is given by C. G. Abbott in the Asirophysical Journal for 
September 1924, pp. 87 to 107. Abbott’s procedure is 
entirely different from Sampson's. The observations were 
made with the loo-inch telescope at Mount Wilson, and the 
light from the star fell upon a plane mirror at the focus of the 
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telescope, and thence was made to pass through an optical 
train, including a 60° flint-glass prism, on to the vanes of a 
radiometer. By rotating the prism, light of any required wave¬ 
length between 0*437 /* and 2*224 M could be made to fall on 
the radiometer vane, and the resulting deflection of the radio¬ 
meter suspension measured the intensity of the light of the 
wave-length in question. Besides stellar observations, obser¬ 
vations were also made of the sun. In this case the sun's 
light was reduced by suitable appliances, the reduction of the 
solar beam as compared with the stellar beams being approxi¬ 
mately 0*89 X io‘*. Corrections for atmospheric absorbtion 
were made from data previously determined in the course of 
solar work, and the energy distributions outside the atmosphere 
were thus deduced. The data were supplemented for the 
shorter wave-lengths from the spectro-photometric results 
of Wilsing Scheiner Munch, Rosenberg, and Plaskett. 

The resulting data range from wave-length 0*38 to wave¬ 
length 2*22 /i, and Abbott gives a diagram comparing them with 
the black-body curves of closest fit. The agreement is fairly 
good, but there are exceptions. In the case of Vega, for instance, 
the observations fall below the theoretical curve in the infra¬ 
red. Abbott considers this is probably due to error and 
attributable to a streaky sky at the time of the observations. 
Procyon shows a positive departure in the infra-red, the 
observed values being too large. Abbott suggests that this 
may be effect of the companion. 

By integrating his curves, Abbott deduces the ratio that 
stellar radiation bears to solar radiation outside the atmosphere. 
By assuming a parallax for the star, it is then possible to deduce 
the diameters of the stars referred to that of the sun as unit. 
On comparing the diameters deduced in this way with the 
diameters obtained by interferometer and other methods, it 
is very noticeable that for the hot stars the radiometer values 
are too small. Abbott suggests that the error lies in the 
temperatures chosen which enter into the deductions of 
diameter. He points out that in the case of the sun, the energy 
curve does not agree with the black-body curve of best fit, 
the observed curve being too high in the infra-red and too 
low in the violet. He considers that this is due to the fact 
that we see much deeper into the sun at longer wave-lengths, 
and hence see a hotter sun for long wave-rays than for shorter 
ones. 

Abbott makes the following suggestion: “ For the giant 
K and M stars the long wave-lengths may come from deep 
within the star, whilst the visible wave-lengths originate at 
lesser depths. G)nsequently, as the infra-red is relatively 
too high, in trying to fit the form of curve, we take a temperature 
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which is really too low to suit the actual average temperature 
of emission, and the result is too large a diameter. For the 
hot stars, this tendency does not prevail, because their infra¬ 
red intensities are so small that they necessarily receive very 
small weight in the selection of the proper temperature curve. 
That they give diameters which are too small, if indeed this 
should prove to be the case when greater accuracy is attained in 
this and in other methods of investigating diameters, may 
arise partly from an error in the solar reduction constant 
0*89 X 10*® mentioned above. On the other hand, these stars 
may lack much of being full radiators, so that the black-body 
constant may be too large for them.” 

It is of interest to make a brief comparison of Abbott’s 
and Sampson’s procedures. The most obvious difference is 
that Abbott measures the spectral intensity of light from a 
star of a given wave-length directly, the light falling on to 
the vane of the radiator, whereas Sampson photographs the 
spectrum and infers the energy distribution from his measures 
of the density distribution on the plate. Of more importance 
is the fact that whereas Sampson's measures cover a small 
portion of wave-length (roughly from 0*39 m to 0*69 /tt), Abbott’s 
measures extend over a much greater range (0*43 ^ to 2*23 fi). 
When intensity of energy in the spectrum is plotted against 
reciprocal of wave-length, within the narrow limits used by 
Sampson the black-body curves are in most cases practically 
straight lines. For the longer range obtained with the radio¬ 
meter this is not the case, and it is possible to compare the 
observed curves with black-body curves and get an idea as 
to how closely the radiation approximates to black-body 
radiation. Furthermore, the long range of wave-length covered 
by the radiometer method allows Abbott to integrate his 
curves and obtain estimates of diameters. (It must be men¬ 
tioned in this connection that the comparison between the 
resulting values and the values deduced from interferometer 
measures do not really depend on the assumed parallaxes, as 
both methods really give apparent angular diameters, and the 

P arallaxes are used to convert both into linear measure.) 

ossibly, however, the radiometer method is more cumbrous 
than the spectrophotometric one and is best suited for spedal 
investigations of a few stars rather than for the determination 
of effective temperatures in bulk. 

Sptctrophoiometric Determinations of Stellar Luminosities .— 
In a recent Uppsala publication B. Lindblad determines the 
absolute ma^itudes (that is the magnitude a star would have 
if it were situated at a standard distance—10 parsecs—from 
us) of over i,aoo stars, mostly in the Greenwich astrographic 
zone, by a spectrophotometric method. For the later-type 
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stars the method consists essentially in measuring the cyanogen 
absorbtion in the spectral region X 4144-4184. It is found 
that the amount of cyanogen absorbtion is correlated 'with 
the absolute magnitude, and consequently by measuring the 
wanogen absorbtion the absolute magnitude can be inferred. 
The instrument used was a i s-cm. camera in conjunction with 
an objective prism giving a dispersion of r4 mm. on the 
plate between and H,. The cyanogen absorbtion was 
obtained by measuring the intensity ratio of the radiation in 
the regions X 4144-4184 and X 4227-4272, and this ratio was 
measured in the following way. On every plate a series of 
exposures was taken with exposure-times decreasing in the 
ratio of V2 to i. The point in this series of images at which 
the density of the photographic deposit in the brighter spectral 
region equalled the density of deposit of the longest exposure in 
the fainter spectral region was estimated and the intensity 
ratio then calculated from the time ratio. The method was 
not satisfactory when applied to the early-type stars, and in 
their case a different procedure was adopted. For the stars 
of types B8 to Ao a special classification was made, the stars 
being classified according to the degree of sharpness of the 
hydrogen lines and (in the case of stars with strongly winged 
lines) according to colour. Lindblad finds that this scheme 
of classification is one according to absolute luminosity, the 
absolute magnitudes of the different groups being obtained from 
Pleiades stars, the parallax of the Pleiades being taken as 
o*’*oo79. 

In a discussion of the results, Lindblad finds a pronounced 
decrease in the star-density of the early-type stars beyond the 
distance of 200 parsecs. He gives reasons for accepting this 
result as real, and considers that it is confirmatory of Charlier’s 
conclusion concerning the existence of a local star-cluster in 
the neighbourhood of the sun of absolutely bright stars of 
early type. 

MSTSOBOLOOT. By E. V. Newmham, B.Sc., Meteorological Office. 

London. 

The Life-history of Cyclones. —^The slow progress of weather 
prediction appears to be due very largely to the fact that the 
cause of cyclones is not yet fully understood. The two main 
difficulties in the way of a solution of this problem are the 
complexity of the phenomena to be studied and the expense 
involved in obtaining observations of the physical conmtion 
of the atmosphere at high levels. The ordinary representation 
of a cyclone on a synoptic chart is approximately a horizontal 
section of ai cyclone at mean sea-level, and pictures of this kffid 
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have been accumulating in the different meteorological institu¬ 
tions for over half a century. It is useless to expect a solution 
of the problem by a study of such sections, for it is known that 
in the majority of cyclones the atmosphere up to at least a 
height of six miles is involved. 

One of the earliest investigations which attacked the problem 
from the observational side, and was, therefore, not of a purely 
speculative nature, was that of W. H. Dines. He showed that 
in western Europe the temperature up to about a height of six 
miles is on the average below the normal when the surface 
pressure is low, and above it when the surface pressure is high ; 
in the “ stratosphere,” i.e. from about six miles up to at least 
twelve miles height, this temperature rule is reversed. He 
found also, on working out the mutual correlation between 
a number of variables, such as the surface pressure, the pressure 
at six miles, the mean temperature up to six miles, the height 
at which the stratosphere begins, etc., that the pressure at 
six miles showed on the average the closest correlation with 
the remaining quantities under consideration. These interesting 
results have not, however, led to any simple explanation of 
the origin of cyclones ; it is by no means certain whether they 
hold for cyclones in general, as those of western Europe are 
usually in a late stage of their life-history. 

A more theoretical investigation was inaugurated by Prof. 
V. Bjerknes. In its early stages it was a close investigation 
of the weather and cloud phenomena associated with certain 
abrupt changes of wind and temperature at the earth’s 
surface, and a definite theory—the Polar Front Theory—^was 
evolved as a result of these studies. Without going into details, 
it may be observed that the theory implies that the normal 
life-cycle of a cyclone is; (i) the protrusion of warm air 
of " equatorial ” origin into relatively cold air of ” polar ” 
origin ; (2) the formation of some kind of vortex ; (3) the 
” occlusion ” of the warm air so that none is left at the surface; 
and (4) its gradual disappearance during the ” filling-up !' 
or death of the cyclone. Although the Norwegian theory has 
a considerable following at the present time, it has not been 
verified in detail; indeed, the systematic study of individual 
cyclones, with the aid of all available information about the 
state of the upper atmosphere, has been much neglected. In 
the Quarterly Journal of the Royal Meteorological Society for 
October 1924, there is a paper entitled ” Further Researches 
into the European Upper Air Data, with Special Reference to 
the Life-history of Cyclones,” by C. K. M. Douglas. This 
paper deals with certain theories about the energy of cyclones, 
and also includes some studies of individual cyclones arranged 
into two dasses: firstly, those which possessed a ** warm 
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sector " of the kind postulated by Bjerknes, and secondly, 
those which appeared to develop entirely in polar air. A 
summary of these studies of individual cyclones vwll now be 

g iven ; the desirability of collecting statistics of this kind will 
ave been made evident from the foregoing introductory 
remarks about the general state of our knowledge of cyclones 
at the present time. 

Cyclones with Warm Sectors containing Air of Equatorial 
Origin .—^Air that had originated south of latitude 40® N. not 
more than three days earlier was taken to be " equatorial " in 
this paper. Trajectories were drawn for the “ gradient-wind ” 
level (1,500 feet above sea-level), when warm sectors were 
subjected to a test to see if they satisfied this definition. There 
is reason for believing that, in western Europe, the path of air 
at this level is in rough agreement with the path of air at any 
other height up to at least 10,000 or 15,000 feet on most da}^. 
The conclusion is drawn that if a cyclone has a warm “ equa¬ 
torial ’’ sector, as defined above, then a portion of that cyclone 
is " equatorial *' up to a great height, in some cases up to the 
base of the stratosphere. 

In order to obtain information about the temperature at 
high levels in cyclones with warm sectors, examination of 
the temperatures recorded on the Pic-du-Midi (9,400 feet), in 
the Pyrenees, was made on all occasions in winter between 
1895 and 1914, when the centres of such cyclones passed within 
300 miles of that mountain. There were eighteen cases. It was 
found that when the centre was nearest to Pic-du-Midi, t.«. 
when the pressure at adjacent low-level stations was a minimum, 
the temperature on Pic-du-Midi was about 1° C. above the 
normal for the season and time of day, and showed considerable 
uniformity in the separate cases. In every case except one 
there was a pronounced fall of temperature behind the centre, 
which averaged 7® C. On most occasions the actual highest 
temperature occurred slightly in front of the centre ; at the 
eastern boundary of the system, however, temperature averaged 
5® C lower than near the centre. A chart is given in the 
original memoir depicting one of these eighteen depressions— 
that of November 16-18, 1910—at a time when it was mov ing 
quickly east and was just over twenty-four hours old ; it was 
in the active developing stage, and there was heavy rain over 
the region in front of it. The changes of temperature and 
pressure at Bordeaux and Pic-du-Midi are given in another 
figure. The temperature on Pic-du-Midi was down to about 
256® A. at 18 h. on the 16th before the arrival of ^e centre, 
but rose to nearly 271® A. just before the passage of the 
centre on the 17th, remaining above 266® A. until midnight • 
it fell to 260® A. next morning, by which time the system 
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passed away well to the east. There was very little change of 
pressure on Pic-du-Midi; the depression existed, therefore, 
only in the lowest layers of the atmosphere. At Bordeaux 
the change of temperature was much smaller, and the warm 
phase did not last so long; pressure fell, however, to the 
extent of 12 millibars between the i6th and 17th and rose 14 
millibars between the time of the minimum on the 17th and 
noon on the i8th. Another interesting case occurred outside 
the period systematically examined, namely on November 18, 
1916. This cyclone was very deep ; pressure was down to 
973 millibars at 7 h. at Biarritz, and at this time the temperature 
was 4® C. above normal on Pic-du-Midi. There was a rapid 
fall of temperature on Pic-du-Midi during the next day or 
two as the surface pressure rose with the passing away north¬ 
wards of the depression. Two further cases of cyclones with 
" warm sectors " are mentioned ; the information about upper- 
air temperature was furnished in these instances by ballon- 
sondes. The first of these occurred on April i, 1909, when a 
depression moved quickly along the north coast of C^rmany. 
The “ troposphere ” was warmer than the normal for April 
over Berlin, Strassburg, and Vienna, and was much colder than 
over south-east England,which was in the rear of the depression. 
In the second case—November 8, 1906 —there was a successful 
ballon-sonde ascent at Brussels near the centre of a large 
depression. The distribution of temperature was very abnor¬ 
mal on this occasion, for the troposphere was rather warm 
for November over Brussels, very warm over Germany, but 
relatively cold over Switzerland, Spain, and northern Italy. 

These observations show that there are cyclones that 
depart very widely from W. H. Dines’s average cyclone ; in 
(^clones with warm sectors his rule is reversed, judging from 
these twenty-one cases. 

Cyclones developing entirely in Polar Air .—Polar air is here 
defined in a way similar to that adopted in the case of equatorial 
air, except that the source instead of being the region south 
of latitude 40® N. is the polar basin, defined roughly by the 
line St. Lawrence—Iceland—Stockholm—Moscow. 

A typical case occurred during the period November 2-4, 
1910, wmch was one of the periods arranged for the liberation 
of baUon-sondes in different parts of Europe ; numerous obser¬ 
vations of the temperature at great heights were, therefore, 
available. A depression which had arrived off the Norwegian 
coast on the ist became very deep on that day, and in its rear 

f ’eat quantities of polar air spread southwards over western 
urope. The tropcmphere was at this time very cold and the 
stratosphere low and warmer than is usual. During the 3rd a 
MOouiUtfy depression advanced from off the south-west of 
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Ireland and was over south-east England at i8 h., reaching 
Germany by 7 h. next day. Just as in the case of the cydones 
wth warm sectors, there was a pronounced rise of temperature 
in the immediate neighbourhood of the centre ; at Manchester 
there was a rise of 5°C. between 3,000 and 20,000 feet in the 
24 hours ending at 17 h. on the 3rd, by which time the centre 
was within two or three hundred miles of Manchester, and a fall 
ofabout4® C, during the following 24 hours at these levels ; the 
rise at Munich and Vienna, on the near approach of the centre, 
was even greater. Another case is that of March 3,' 1909. At 
noon a depression had reached the Straits of Dover, having 
moved down from the north and deepened. A sounding made 
at Pyrton Hill revealed temperatures in the troposphere well 
below the March normal, but at Manchester next day the 
temperature was much lower, the difference averaging 9® C. 
between 13,000 and 26,000 feet. Here again the evidence 
sugg^ts that the central region of the cyclone was not cold 
relative to its surroundings, but the reverse. 

Conclusion .—This systematic study of the temperature in the 
free atmosphere in individual cyclones has led the author to 
conclude that W. H. Dines’sstatisticalresult,that alow barometer 
is associated on the average with a cold troposphere, should not 
be interpreted as meaning that cyclones necessarily have cold 
cores. Over western Europe, and particularly over the British 
Isles, if the barometer at a given place is high, that place in 
most cases lies either within or just to the north of an anti¬ 
cyclone ; the case where the anticyclone is to the north is 
relatively infrequent. If we can assume that the central and 
northern parts of anticyclones are generally warm (in the 
troposphere), and experience appears to support this supposition, 
and if, further, the troposphere has a Ipw general average 
temperature during disturbed periods with frequent cydonra 
then Dines’s average statistical result (high barometer associatetf 
with warm troposphere, low barometer associated with cold 
troposphere) is explained without making any further assump¬ 
tions. The evidence adduced in this paper points to the 
existence of a warm central core in nearly all cyclones that 
are not beginning to die out—a most important result, if it edn 
be established beyond dispute. A final decision on the subject 
can only be reached when more detailed information about 
upper-air temperature is available. 


ramew. By J. Ricb, M.A., The University, Liverpool. 

In former notes (Science Progress, Nos. 71, 72) the writer 
has pointed out the dilemma in which Physics finds itself to-^ay. 
In all attempts to give a description of the m4»^ han^«Tn of 
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interaction between radiation and matter it is impossible to 
maintain consistency of detail if all the experimental facts are 
faced. If we regard the phenomena of interference, on which 
the action of most optical appliances depends, it is wellnigh 
impossible to get away from the idea of continuity bound up 
with the propagation of waves and the general body of classical 
electrodynamic theory. The electromagnetic theory of light 
has proved not only an admirable instrument for interpreting 
the propagation of radiation in free space, but it has also shown 
itself to be of signal power in the treatment of certain phenomena 
connected with the interaction of matter and radiation. Thus, 
a general description of the emission and absorption of light, 
refraction, scattering and dispersion can be given on the 
assumption that atoms contain electrified particles which can 

E erform harmonic oscillations about positions of stable equili- 
rium or states of steady motion, and which exchange energy 
and momentum with the radiation fields according to the 
classical laws of electrodynamics. Yet this interaction between 
matter and radiation exhibits certain features which are at 
variance with the classical laws, and in order to arrive at 
formal statements which are in agreement with experimental 
results one is compelled to introduce a mechanism characterised 
by discontinuous features which are apparently irreconcilable 
with the continuity of action demanded by conformity to the 
accepted laws. Thus, the facts of temperature radiation, of 
variation of specific heats with temperature, of the photo¬ 
electric effect, of ionisation by X-rays, of optical series and 
band-spectra, are all at variance with the deductions of classical 
theory, and can only be obtained by forcing discontinuous 
features into a mechanism which by the very nature of the 
concepts and definitions on which it is framed cannot receive 
such cavalier treatment and' “ survive.” Thus, one extreme 
form of such a discontinuous process was suggested by Einstein 
some years ago. He put forward the view that radiation is 
not propagat^ through space as continuous trains of waves 
with the eneigy diffused in a continuous manner throughout 
the wave-train, but as a group of compact and isolated entities, 
which^ he christened ” light quanta.” Each entity holds a 
quantity of energy h v concentrated in a minute volume, where 
k is Planck’s constant and v the number of waves which on 
the classical view should pass a given point in unit of time. 
Despite the glaring inconsistency between such a picture and 
the familiar mechanism of continuous propagation, it accounts 
for a number of vital results in photo-electricity and elsewhere 
whi^ ordinary theory completely fails to explain. One 
obvious inconsistency is the introduction of the quantity », 
which is of course based on and defined in connection mth the 
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opposing theory. True, we can separate p from the idea of 
wave-trains and relate it to the frequency of vibration of a 
hannonic oscillator in the atoms of the source. But, as the 
writer has previously pointed out to readers of this joun^, 
it is just this mechanism of harmonic oscillators radiating 
continuously which Bohr originally had to scrap in order to 
account for the laws of optical series. In its place he substituted 
a picture of an atom which remains in a “ stationary state *’ 
for a finite time. Such a stationary state is characterised by 
the fact that the electrons circulate round the nucleus in un¬ 
changing orbits and do not radiate energy at all, as they should 
on classical views in virtue of their acceleration. Radiation 
occurs only during a discontinuous change in the atom which 
brings it in presumably a very short period (i.e. short relative 
to its duration in a stationary state) from one such stationary 
state to another. Bohr does not offer any picture at all of a 
mechanism which would effect such transitions {i.e. a picture in 
the sense that the harmonic oscillator served as a picture of the 
processes of classical electrodynamics). He merely postulates 
su^ discontinuous features in the life of an atom, in order to 
bring the mathematical formulae for optical series into agree¬ 
ment with experimental results—^in his own words, his theory is 
a “ formal " one without any attempt to sketch a mechanism 
whose behaviour would conform to it in the way in which the 
movement of a harmonic oscillator conforms to the differential 
equations of electrodynamics. 

It is clear that any new theory, to be valid, must be prepared 
to embrace in its foundational principles such discontinuous 
elemente and yet at the same time allow for the continuity 
which is still manifest in many physical occurrences. Now it 
appears that at the outset of such a new formulation of principle 
we must face two alternatives—shall we retain the general 
laws of conservation of energy and momentum, in the strict 
sense that they are true in relation to each individual atomic 

E rocess ; or shall we abandon such a strict reading of them and 
e content that they should be only true in the statistical 
sense^that is, as an average feature of a great number of such 
individual processes, but not essentially true for each process 
considered by itself ? Thus, in the hypothesis of light-quanta 
Einstein is manifestly at pains to preserve the strict interpreta¬ 
tion of these two laws. An atom, in a change from one stationary 
state to another, loses energy, emitting it as radiation. This 
en^gy will ultimately be absorbed by another atom as a whole, 
thus bringing that atom to a stationary state of greater energy 
content than before. The essence of the light-q uantum hypo¬ 
thesis is the view that the energy will be absorbed entirely and 
at one swoop ”; there it differs from the classical view, which 



PHYSICS 


*9 

pictures it being absorbed gradually and by many atoms. Yet 
this view and the classical one have so much in common that 
they regard the conservation of energy strictly obeyed all 
through. In so far as the energy is not in an atom, it is in the 
radiation. Yet such a notion of the propagation of light as 
the flight of " corpuscles ” of energy introduces difficulties 
apparently so insuperable when applied to the 'explanation of 
interference that it seems to exclude in principle the possibility 
of defining in a rational way such a concept as frequency. In 
the words of Bohr, “ the satisfactory manner in which the 
[light-quantum] hypothesis reproduces certain aspects of the 

E henomena is rather suited for supporting the view, which 
as been advocated from various sides, that, in contrast to the 
description of natural phenomena in classical physics in which 
it is always a question only of statistical results of a great 
number of individual processes, a description of atomic processes 
in terms of space and time cannot be carried through in a 
manner free from contradiction by the conceptions borrowed 
from classical electrodynamics, which, up to this time, have 
been our only means of formulating the principles which form 
the basis of the actual applications of the Quantum Theory.” • 
As may be inferred from this quotation, Bohr and his co- 
workers prefer to attack the problem in another manner, which 
allows for the retention of the conception of the spreading 
wave of the classical theory as regards propagation in free space, 
while importing the new idea of discontinuous transitions into 
the purely atomic processes. In order to achieve this object, 
however, the strict interpretation of the laws of conservation 
has to be abandoned, and the equalities of losses and gains 
regarded as a statistically true result, but not an individually 
exact one. An important {>aper outlining this position appeared 
about a year ago in the Phil. Mag. (vol. 47, No. 281, May 1924), 
a joint production by N. Bohr, H. A. learners (who has been 
associated with the great Danish physicist for some years), 
and J. C. Slater of Harvard ; and two other papers on similar 
lines have appeared recently in the Physical Review, one by 
J. H. Van Vleck (October 1924) and one by J. C. Slater 
(April 1925). It should also be mentioned that Louis de 
Br<^lie, who has tried to soften the contradictions of the 
light-qmmtum hypothesis and to whose work a reference was 
made in a previous communication to this journal (Science 
Progress, No. 72, April 1924, p. 525), has recently published 
a very long paper on these matters in the Annals d» Physique 
(January, February, 1925). 

The two postulates of the Bohr Theory are the assumption of 

‘ On $k» AppHeaHon of the Quanium Theory to Atomic Structure. H. 'Bahx. 
pahUibatf tqr ^ Gmbridge IJaivenity 
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stationary states and the law of emission, which claims that when 
the atom passes discontinuously from one stationary state to 
another of lower energy content it emits eneigy in the fpiro of 
a monochromatic radiation whose frequency is given by dividing 
the energy loss by the Planck constant, A. (For a fuller state¬ 
ment of these postulates and of the " Principle of Corre¬ 
spondence,” to which reference will be made presently, consult 
the note in Science Progress, No. 71, January 1924). _ In¬ 
versely, it is assumed that the reversed process of transition 
from the state of low energy content to that of higher can take 
place if the atom be illuminated by light of this same frequency. 
At present, the formal treatment of this idea is based on con¬ 
siderations of probability (already used with great success by 
Einstein in deducing Planck’s law of full radiation). The 
transition to another state of lower energy content is regarded 
as in part ” spontaneous,” i.e. having apparently no connection 
with external influences ; the probability of such a change 
(i.e. the fraction of a great number of atoms which are now in 
the first stationary state and which within the lapse of unit 
time will ” jump ” to the second state in this ” spontaneous ” 
way) is regarded purely as a function of those two states. In 
addition to this spontaneous probability of changing to a 
lower energy state there is also a probability of this change, 
which depends on the specific density of the radiation, whose 
frequency corresponds to this transition, around the atom. 
The probability of this " induced ” transition is in fact measured 
by the product of the specific energy-density of the surrounding 
radiation (of the suitable frequency) and a ” coefficient ” also 
determined by the states in question. Thus the total probability 
of the change to a lower energy content is the sum of two parts, 
one depending on the radiation from elsewhere illuminating 
the atoms, and the other not so dependent but having a ” spon¬ 
taneous ” character somewhat analogous to a corresponding 
conception in radio-active processes. It is taken for granted 
that the reverse transition from the state of lower energy con¬ 
tent to the one of higher content has no ” spontaneous ” charac¬ 
ter about it, but must be brought about by illumination of the 
atom with light of the right frequency, the probability of this 
” induced ” transition being, as before, the product of themecific 
energy-density of the illuminating radiation and a coefficient. 
(It should be noted that the coefficient for an ” induced " 
transition one way is not necessarily equal to the coefficient 
for the ” induced ” reverse transition.) As stated above, the 
support for these definite postulates, as regards probability of 
transition, consists in the very simple deduction of Planck’s 
heat-radiation formula which they afford, a fact first pointed 
out by Einstein. As is well known, the results deducra firom 
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the Bohr postulates agree very well with the results deduced 
from classical theory when we consider processes which depend 
on the statistical behaviour of a large number of atoms and 
which involve transitions between stationary states which are 
so near to one another that there is comparatively little difference 
between them— i.e. states for which the quantum numbers are 
large and the differences of the quantum number small in 
comparison. Bohr never fails to insist that, even in this limiting 
region of approximate agreement in formal deductions, there 
is nevertheless no question of a gradual diminution of the 
difference between the description by the Quantum Theory of 
the phenomena of radiation and the ideas of classical electro- 
d3mamics, but only of an asymptotic agreement of statistical 
results. It is this measure of agreement which is the root of the 
** Correspondence Principle " (see Science Progress, No. 71) 
which supplements the postulate concerning energy-difference 
of states and frequency with a further hypothesis concerning 
intensity and polarisation. For the purposes of stating this 
principle we have, on the one hand, to consider the various 
harmonic components which enter into the Fourier series which 
represents the periodic motion of an electron in a stationary 
state ; on the other hand, we have to consider all the possible 
transitions from this state to other stationary states. It 
appears that a very direct method can be found of setting up a 
one-one correspondence between each possible transition and 
one term of the Fourier series, i.e. one harmonic oscillation 
component in the totality of such components into which the 
electrical moment of the atom, considered as a function of the 
time, can be resolved. Briefly we “ conjugate ” each possible 
transition with a simple harmonic term of the analysed electrical 
moment. The essence of the correspondence principle is briefly 
stated as follows. Of all the atoms considered, a certain number 
are in a given stationary state at the moment (this number 
being determined by* statistical methods). Within the lapse 
of a given time a certain fraction of these will jump to another 
stationary state, another fraction will jump to still another, 
and so on ; there will be for some fraction of the group in the 
given stationary state a jump to one of the other stationary 
states, the fraction depending on the probability considerations 
outlined above. Each such sub-j^oup effecting such a jump 
will react on the radiation field in a particular way, through 
emission or absorption. The reaction of such a sub-group on 
the field is compared with the reaction which, on /Ae classical 
(he<^, we would expect from this sub-group were each member 
of it the seat of an electrical harmonic oscillation given by the 
term of the Fourier series conjugated " with the partictUar 
jump effected by the atoms in the sub-group. Thus the 
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“ quantum ” reaction of the whole ^oup in the given stationary 
stitie is compared with the “ classical ” reaction of a set of 
oscillators whose frequencies and vector amplitudes are 
determined by a set of terms in the Fourier expansion each one 
of which is conjugated with a jump from the given stationary 
state to every other stationary state. This comparison has 
proved successful in certain cases in settling questions of 
intensity and polarisation of the actual radiation—matters which 
are not considered at all in the first two postulates of the Bohr 
'Hieory, and the new idea from Bohr and his co-workers concerns 
a suggested new r 61 e for these " virtual " harmonic oscillators. 

In the classical theory one atom is continually acting on 
another, not in the instantaneous way pictured in the early 
“ action at a distance ” theories, but through the medium of 
the field of radiation into which each atom is pouring energy 
continuously and from which each atom is continuously drawing 
energy, this being the most obvious concomitant of such action. 
As far as the postulates of the Quantum Theory enunciated 
above are concerned it would appear, in direct opposition to this, 
that so long as an atom is in a stationary state it cannot act on 
another atom.* Not until it executes a transition and so 
releases some energy which, after travelling through the medium, 
induces a contrary transition in another atom can interaction 
with other atoms be considered as possible. So for compara¬ 
tively long periods each atom does not act on any other. Now 
it is here that the paradox between the spreading field and the 
concentrated “ light-quantum ” field arises. Closer considera¬ 
tion shows that the difficulty is bound up with the implicit 
assumption, so natural and so deep-rooted in our minds through 
our habitual attitude to matters of General Physics, that no 
change can take place in any isolated piece of matter, however 
small, until the energy accompanying the change has been 
exactly supplied, neither more nor less. That is why we are 
at a loss to understand the photoelectric effect on classical 
lines; no doubt all the energy required for ejection of the 
electron from an atom is there ; it has been emitted, and is in 
the radiation field ; but, with the spreading wave, how has 
it got into this particular atom ; why is it not in other atoms 
which the widely diffused wave has travelled past ? And yet 
concentration in light-quanta, while giving us a picture of 
how it might be done, completely destroys another picture 
equally necessary for other phenomena. The writers referr^ 
to do not offer to untie this Gordian knot—they want to cut it. 

' It is assumed here that the atoms are not so close that the forces arising 
from the radiation are small compared with the conservative forces arising 
from the electric charges in the atom. In short, nothing in the way of a 
encounter or collision is happening. 
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They maintain that we must conceive of an atom, even when in 
a stationary state, continuously acting on distant atoms so 
that presently a transition will be induced in any distant atom 
without of necessity the " acting " atom executing beforehand 
a reverse transition to supply the energy which we are accus¬ 
tomed to say is " necessary ” for the induced transition. If this 
claim be maintained it is clear that we shall have to abandon 
the use of the word " necessary ” in connection with individual 
atomic changes ; but that does not mean that we must abandon 
it entirely. It may still be used justifiably in reference to 
a great number of such processes. Provided over a lapse of 
time the energy required for the sum-total of all the processes 
in a finite portion of matter is forthcoming, that appears to be 
all that is required. The energy may spread ; through each 
atom will travel a portion of the energy, even in a spreading 
wave ; but the change in the atom may take place either before 
or after the moment at which the energy involved in the change 
to a new stationary state has arrived. The atom may, as it 
were, be a “ debtor ” or a “ creditor ” to the radiation field ; 
but there will be no real breach of the experimental principle of 
conservation ; for it will always “ balance ” its accounts ” over 
sufficiently long periods. In short, conservation will become 
a statistical principle as far as atomic processes are concerned. 

Of course, the mind demands some picture of a space-time 
mechanism by means of which this continuous action of an 
atom in a stationary state on a distant atom can be effected. 
The authors referred to assume that, whatever it is, it is ” vir¬ 
tually equivalent with the field of radiation which on the 
classical theory would originate from the virtual harmonic 
oscillators corresponding with the various possible transitions 
to other stationary states.” During the comparatively long 
period in which an atom is in a stationary state it emits no 
energy, and yet it is acting on a distant atom in a way which is 
equivalent to the manner it would act on it were each atom to 
contain the virtual harmonic oscillators conjugated with the 
immediate stationary state and classical interaction going on. 
Further, it is assumed that the transition processes of the 
Quantum Theory are connected with this mechanism (which 
is so equivalent to the virtual harmonic oscillators) by proba¬ 
bility laws analogous to those outlined above. In classical 
theory there is a reaction on a radiating oscillator by the 
radiation field itself; so, on the new view put forward, those 
transitions in an atom which have been designated as ” spon¬ 
taneous ” by Einstein are regarded as induced by the virtual 
field of radiation which is connected with the virtual harmonic 
oscillators conjugated with the motion of the atdm itself in 
the stationary state, which it leaves on such a ” spontaneous ” 
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tecansition takinfl; place. On the other hand, the induced 
transitions of Einstein’s theory occur in consequence the 
virtual radiation in the surrounding space due to other 4f0ine. 
These assumptions in a way increase the significance || the 
virtual mechanism which is set up in order to apply the Iprre- 
spondence principle ; they do not involve any change 
use of that principle to discover the intensitjr and stafP of 
polarisation of light emitted from an atom of given struc^pre, 
nor do they interfere with the application of the first two u- 
lates to the determination of the frequency of the light. iwt 
they do lead to a picture of the occurrences of the varihvs 
transition processes on which the observations of optidU 
phenomena ultimately depend, which differs from the U5ua\ 
ideas about these processes in an essential respect. Thus, 
have been accustomed to connect the occurrence of a certain 
transition in a given atom with the occurrence of transition 
processes in other atoms, the connection being closely bound 
up with the conservation of energy and momentum in a ve^ 
strict sense. If the new suggestion finds support we will 
not link the transition process in the given atom with transition 
processes in the other atoms, but with the actual stationary 
state of the given atom and with the stationary states of the 
atoms with which it is at the moment in communication through 
the virtual radiation field. In fact, as regards the occuirence 
of transitions, which is the essential feature of the Quantum 
Theory, one abandons any attempt at a causal connection 
between the transitions in distant atoms and especially a direct 
application of the principles of conservation of energy and 
momentum. Thus, it is assumed that an induced transition in 
an atom is not directly caused by a transition in a distant atom 
for which the energy difference between the initial and the 
^al stationary state is the same. On the contrary, it is con¬ 
sidered as possible that a given atom in a given stationary state 
may contribute to the induction of a transition in a distant 
atom through the virtual radiation field connected with the 
virtual harmonic oscillator which is conjugated with the given 
stationary state in the given atom and a second stationary 
state, and yet that the given atom may ultimately not jump 
to that second stationary state, but may perform quite another 
transition. 

Thus, the cause of the observed statisfieol conservation of 
energy and momentum is not sought for in a departure frmn 
electrodynamic theory as regards the laws of propagation 
of radiation in free space, but in the peculiarities of the mechan* 
ism of continuous interaction between atoms, which, although' 
it is not pictured, is yet regarded as equivalent in its effects 
on any atom to the interaction between the virtual fiyeld of 
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mdiation and the atom. The illuminated atoms are regarded 
as secondary sources of virtual wave radiation which interferes 
with the incident radiation. If we have dose agreement in 
frequency between the incident wave and one of the virtual 
harmonic oscillators corresponding to possible transitions, the 
amplitudes of these secondary virtual waves will be large, and 
so the intensity of the virtual radiation field may be augmented 
or diminished so far that the induction of transitions in the 
atoms may be increased or diminished considerably. An 
augmentation of the virtual field will take place if the second^ 
wavelet is connected with a virtual harmonic oscillator conju¬ 
gated to a transition in which the atom passes to a stationary 
state of lower energy, and vice versa. On this view the occur¬ 
rence of a transition in an atom simply terminates an interval 
during which the atom has been acting on distant atoms in a 
way equivalent to the classical action of a certain group of 
harmonic oscillators, and initiates an interval during which it 
will act on distant atoms in another way equivalent to the 
action of another group of oscillators. 

The authors anticipate that, although the quantum mechan¬ 
ism of continuous interaction may not as yet be pictured, yet 
the analogy which they have drawn between it and the virtual 
harmonic oscillators and virtual radiation field may lead to the 
establishment of a fairly complete and consistent description 
of the general optical phenomena accompanying the propagation 
of light through a material medium, which will at the same time 
account for the close connection of these phenomena with the 
spectra of the atoms of the medium. Thus they have been 
able to set up, on their view, a quantitative theory of dis¬ 
persion a brief account of which is given in Nature (May lo, 
1934) and a fuller account in the papers to the Physical Review 
referred to above. A striking result is the deduction of a 
dispersional formula of the familiar type, in which, however, 
there are terms with an essentially negative coefficient, a 
deduction which should be within the power of experiment to 
verify or refute. 

Readers of this journal will recognise that these authors 
are seeking to remove the paradoxes of the Quantum Theory 
in a manner which differs markedly from the attempts of L. de 
Broglie, to whose work a reference was made above. A distant 
analogy might be drawn between de Broglie's “ phase-wave ” 
and the virtual radiation field of the preceding pages, but the 
underlying ideas and method of development are quite different. 
It remains for experiment to discriminate if possible. 
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Tbat the discovery of insulin should have stimulated an 
mterest in the biochemistry of glands other than the pancreas 
can scarcely be a matter of surpnse. It is, however, particularly 
gratifying that the first success in these extended researches 
should be claimed by one who did so much towards the isolation 
of the pancreatic hormone. J. B. Collip, who, it will be remem¬ 
bered, devised the first method for the preparation of insulin, 
now reports that he has obtained fi-om the parathyroid gland 
extracts possessing properties which must be attributed to a 
hormone of that gland. 

It has long been known that removal of the parathyroid 
gland from an animal results in a definite clinical syndrome— 
tetania parathyreopriva —followed inevitably by death. The 
condition may be accentuated by a meat diet or by the adminis¬ 
tration of alkalis, whilst it may be relieved, as has been shown 
by A. B. Luckhardt and B. J. Goldberg (/. Anter. Med. Assoc., 
1923, 80 , 79), by massive doses of calcium lactate, or by the 
intravenous injection of small amounts of calcium salts (H. A. 
^Ivesen, 7 . Biol. Chem., 1923, 66, 443). It has further been 
established that parathyroid tetany is accompanied by a 
reduction in the concentration of calcium in the blood. I. 
(^eenwald (/. Biol. Chem., 1924, 68, 337, and 61 , 33) has dis¬ 
cussed at length the various theories of the cause of tetany 
in parath3a'oidectomised dogs, and has arrived at the conclusion 
that there are only two authenticated metabolic changes follow¬ 
ing removal of the gland. One is a fall in the calcium concen¬ 
tration of the blood and the other a reduced excretion of phos- 

{ >horus. He finds no evidence for the occurrence of a definite 
ntoxication. This latter criticism is directed towards the 
hypothesis of D. N. Paton and L. Findlay.(j^war/. J. Exper. 
Physiol., 1916, 10 , 203, 31S, and 377, and later papers with 
D. Bums and J. S. Shai^e in the same journal) that the condi¬ 
tion is one of guanidine intoxication. The experimental work 
of Collip, now to be discussed, would have appeared to have 
established beyond question a primary relation of the blood 
calcium level to the condition of parathyroid tetany. He first 
observed that the administration of an add hydrolysate of the 
gland to a parathyroidectomised dog removed the tetanic 
condition coinddent with the re-establishment of a normal 
concentration of calcium in the blood (/. Biol. Chem., 1925, 
395 }* Attention was then directed to the ineparation of 
more active material. Briefly, the method now reportwi con- 
sbts in the hydrolysis of the gland with 5 per cent, hydrochloric 
add at 100** C. for one hour. The fat is then removed and 
the protein predpitated by a suitable adjustment of the reactimi. 
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Two C.O. of the filtrate corresponded to one ox gland, and was 
found to be a potent preparation as judged by its effect in 
allaying tetany and in raising the level of serum calcium. 
Colllp promises an early report of further purification of this 
extract and appears to be optimistic concerning the relative 
simplicity of the active principle. The extract is effective 
when administered intravenously, subcutaneously, or by the 
oral route. 

The extensive data presented leave little doubt that we 
have now available a preparation of the hormone of the para¬ 
thyroid gland which will completely allay tetany in animals 
from which the gland has been removed, even when a heavy 
meat diet is given. Moreover, this curative effect is closely 
associated with the re-establishment of a normal blood calcium 
concentration. Indeed, overdosage will result in an increase 
of this concentration above the normal. In such case, or 
when the hormone is administered to the normal animal (/. 
Biol. Chem., 1925, 68, 439), the resulting hypercalcemia is 
accompanied by very definite symptoms. There is observed 
loss of appetite, drowsiness merging on coma, failing circulation, 
and an obvious condition of dehydration of the animal. If 
the treatment is persisted in, the result is the death of the 
animal. The analogy between the relation of the pancreas 
to the blood-sugar level and the relation of the parathyroid 
to the blood-calcium level is so obvious as to require no em¬ 
phasis. The normal concentration of calcium is i i-i 3 mgms. 
per cent. In the parathyroidectomised animal this falls to 
about 6 mgms. per cent, with the onset of tetany. On the 
other hand, when the hormone is administered to the normal 
animal, the calcium concentration rises, in about six hours, to 
16 mgms. per cent, or more, and then slowly returns to normal 
over a further period of eighteen hours. Whereas hyper- 
calcamic 8}rmptoms supervene when the blood calcium reaches 
about 16 mgms. per cent., it is possible, by excessive or per- 
i^tent dosage to push up the amount of calcium to as much as 
30 m^pns. per cent. The phosphorus concentration of the blood 
also rises, nut at a much slower rate than the calcium. 

The two communications of Collip and his associates which 
have so far appeared may be considered as prelimina^. Neya*- 
theless, the amount of experimental work recorded is extensive, 
and it seems certain that these workers were actually handling 
a honaone of the parathjrroid gland, whose special function is 
the nice control of the concentration of calcium in the blood. 
Ihe immediate prospect is alluring. We shall await impatiently 
in the chemical purification of their extracts. 

lliere has been placed in the hands of the physiologist a 
nSfW means lor the study, not only of the function of the para- 
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thyroid gland, but also the wider and elusive problMn of 
ino]^;anic metabolism." 

Tht Anti-Rachitic Properties of Li^hi. —^The relation of li^t 
to the ..fat-soluble vitamins is becoming rapidly clarified. We 
have good evidence that the growth-promoting vitamin is a 
product of photosynthesis in the green leaf, whereas green 
foods may be relatively poor sources of the anti-rachitic factor 
(R. M. Bethke, D. C. Kennerd, and M. C. Kik, J. Biol. Chem., 
1925, 68, 337 and earlier literature cited there). Nevertheless 
it will appear that the anti-rachitic vitamin is equally a photo¬ 
chemical product, though the laboratory in which Nature syn¬ 
thesises it is not specifically the green chloroplast. 

A year ago there was reported in these reviews the suggestion 
of E. M. Hume and H. H. Smith {JBiochem. J., 1923, 17, 364) 
that they had succeeded in conferring upon air anti-rachitic 
properties by irradiation with ultra-violet light. So challenging 
an observation could scarcely escape criticism and T. A. Webster 
and L. Hill reported complete failure to confirm the experiments 
(Biochem. J., 1924, 18, 340). J. S. Hughes, C. Nitcher, and 
R. W. Titus (/. Biol. Chem., 1925, 68, 206) have likewise failed 
to find irradiation at all effective in preventing leg weakness 
(rickets) in chicks, although the direct irradiation of the chicks 
was effective. E. M. Nelson and H. Steenbock (/. Biol. Chem., 
1924, 68, S75) appear to have found the explanation for these 
conflicting results when they su^ested that in the experiments 
of Hume and Smith the positive results were due to a photo¬ 
chemical effect upon the sawdust, food, or excreta which might 
have been in the “ empty ” cages when they were irradiated. 
This explanation has been accepted by the latter authors in a 
very recent paper {Biochem. J., 1924, 18, 1334). From the 
laboratories of H. Steenbock and of A. F. Hess there have 
appeared series of papers which have independently shown 
tnat anti-rachitic properties may be conferred upon foods, 
vegetable fats, etiolated leaves, and green leaves by exposure 
to the mercury vapour quartz lamp for a suitable period 
(Steenbock and Nelson, j. Biol. Chem., 1924, 68, 209, and 
Steenbock and Black, ibid., 61, 405; A. F. Hess and M. Wein- 
stock, Proc. Soc. Exp. Biol, and Med., 1924, 88, 5 ; and J. Biol. 
Chem., 1924, 68, 3011. Their latest papers report success in 
actinrating purified cholesterol and ph^osterol by means of 
ultra-violet light (/. Biol. Chem., 1925, 68, 209, and M, 297), 
an observation made independently by J. C. Drummond and 
K. Coward (private communication). 

It would seem that there has been found in cholesterol or 
analogous compounds the raw material from which the anti¬ 
rachitic vitamm is produced under the action of suitable 
radiant energy. Such a view is adequate to explain the 
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diverse results which have been recorded in experiments involv¬ 
ing the irradiation of animals, plants, foods, excreta, etc. 
The distinction between the photosynthesis of the growth 
vitamin and the anti-rachitic factor is plain and from the 
practical point of view would emphasise the necessity to good 
stock breeding of both green foods and sunlight. 

Foods and oils when activated by light retain their potency 
for several months, whereas the activated cholesterol is much 
less stable and deteriorates in a few days. The activation is 
not conditioned by the presence of oxygen, but is sensitive to 
the amount of irradiation. Thus two hours’ exposure to the 
mercury vapour lamp may give potent preparations of choles¬ 
terol, whereas an exposure of eight hours will result in an in¬ 
active product. The opportunity seems to be now offered for 
extensive work on the chemical nature of the anti-rachitic factor, 
if means can be found for stabilising the activated cholesterol. 
Meanwhile, physiologists will not fail to record that an important 
physiological function may at last be attributed to a substance 
whose " physiological inertness ” has long been a mystery. 

Hcemoglobin .—^The respective states of oxidation of haemo¬ 
globin and methaemoglobin have long been the subject of 
investigation and debate. If haemoglobin be represented by 
Hb, it is customary to give to oxyhaemoglobin the formula 
HbOg. It is generally agreed that methaemoglobin contains 
less oxygen than the oxygenated compound, but the decision 
between the formulae HbO and HbOH has remained open. 
W. Kuster (Z. Physiol. Chem., 1910, 88, 244) was the first to 
indicate that, whereas oxyhaemoglobin and haemoglobin are 
ferrous compounds, in methaemoglobin the iron exists in the 
fwric state. He gave to the latter the formula HbOH. The full 
significance of this distinction has not been generailly appreciated, 
emphasis having been placed not upon the state of oxygenation 
of the iron atom, but upon the amount of oxygen combined 
in the methaemoglobin molecule. Thus, in two recent papers 
(Roaf and Smart, Biochem. J., 1923, 17 , 579, and Quagliariello, 
Arch. set. biol., 1923, 5 , 193) it has been shown that half as 
much oxygen is combined in methaemoglobin as that found in 
the oxyhaemoglobin, and it is concluded that the former is, 
therefore, to oe represented by the formula HbO. J. B. 
Gmant has approached the problem by a new method (/. Bjo/. 
Chtm., 1923, 67 ,401). He has found that the system methaemo- 
dobin-haemoglobin is electromotively active and revmible. 
The reluctant may be titrated with potassium ferricyanide or 
the omdant with sodium hydrosulphide, and the oxidation- 
reduction potentials derived from these titrations are found 
td be in agreement with those doived from the electrocfaetnical 
equation. Moreover, these results demonstrate beyond ques- 
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ti<ui that in the change firom either substance to the other there 
b involved one hydrogen equivalent. Strictly shaking, there* 
fore, we have not to consider how much oxygen b comoined in 
the oxidant any more than we consider the amount of oxyfjien 
combined in the product of the oxidation of ferrous chlonde. 
We are dealing with complex ions differing by one valency, 
or we may say that we are dealing with a change involviim 
the loss or gain of one electron by the haemoglobin compound. 
Kustv’s formula is correct if we understand it to mean 
Hb + OH 

Conant points out the close analogy between the blood 
pigment and certain aminoferrocyanides and suggests similar 
co-ordinated formulae for oxyhaemoglobin, haemoglobin, and 
methaemoglobin in which the two former are written as ferro- 
compounds and the latter as a ferri-compound. These formulae 
must be suitably modified for the reaction of the solution since 
the pigments are amphoteric and may exist as ions, undb- 
sociated molecule, and, probably, internal salts, but the genmal 
relations may be depicted as follows: 

Acid. ItcAttkit, A l ka U m. 

Hsemoglobin . . HgHbM-^ H,(Hb) Na,(Hb) 

Oxyhemoglobin . H,(HbO,)H-<- H«(HbO,) Na,(HbO,) 

Methemoglobin . H,(Hb)H^ H,(Hb) Na,(Hb) 

There still remains the necessity to reconcile the fact observed 
bv Quaglbriello and by Roaf and Smart that when hsemo- 
globin reacts with oxygen to form methaemoglobin, one atom of 
oxygen (two hydrogen equivalents) b involved, whereas, when 
the oxidation or reduction is effectea by other reagents (Conant), 
only one hydrogen equivalent is concerned. Conant is content 
to point to the many occasions in which oxidations brought 
about by molecular oxygen—^the auto-oxidations of quinones, 
etc.—^pursue a similar anomalous course. Ih any case we may 
say timt only half the oxygen which disappears b concerned^ 
with the oxidation to methsemoglobin. In a second paper 
(Conant and Fieser, /. Biol. Chem., 1925, tt, 595) the qjuestion 
of the relation of the oxygen tension to the reversibility and 
equilibrium of the system haemoglobin-methaemoglobin b 
considered, and the results are of ve^ wide interest. The 
discussion of these will be reserved until their obvious appUca* 
tions have been worked out, though we may note that one 
interesting extension of the work has already been reported 
(J. M. Neill and A. B. Hastings, J. Biol. Chem., igaSt A; 479)* 
We must be content to record that this paper deals with an 
extensicm of Conant's work to the question of the relation of 
molecular oxygen to biological oxidation. 

Still one further aspect of these results deserves conunmat. 
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Coaant sbows that the reaction of haemoglobin with ferricyanide 
proceeds to an equilibrium dependent upon the oxygen pressure 
above the solution and upon the hydrogen ion concentration. 
In alkaline solution under low oxygen pressure the reaction 
proceeds to completion, whereas, in a neutral solution saturated 
with oxygen, equilibrium is attained when only 8o per cent, of 
the theoretical amount of methaemoglobin is formed. These 
results agree with the electro-chemical formulation and Hill’s 
equation and form an independent test of these. They also 
define the conditions under which Haldane’s method for the 
determination of the oxygen capacity of the blood can be exact. 

In a third paper from the same laboratory (/. Biol. Chem., 
1925, 02, 623) a method is developed from the electrochemical 
findings for the determination of methaemoglobin in the presence 
of its cleavage products. 


nmnOAX. CMSMUT&T. By W. E. garner, M.Sc.. University 

CoQege, London. 

Mechanism of Chemical Reaction. —In view of the large amount 
of experimental work already published on the velocity of 
chemical reactions, it is remarkable that so little has been 
discovered as to the actual mechanism even of the simplest 
chemical reaction. It is still possible to maintain the most 
diverse and contradictory theories of chemical reactivity, 
ranging from a purely radiation hypothesis to one which 
demands a collision between three molecules or two molecules 
and a quantum of energy (Born and Franck, Z. Physik., 1925, 
SL, 411). An experimental test of these speculations presents 
great difficulties. 

Bodenstein, LUtkemeyer, and Miiller {Z. Elektrochem., 1924, 
80, 416 ; Z. physikal. Chem., 1924,114, 234), from a study of 
the reactions of bromine with hydrogen, have been able to 
throw light on the mechanism of the combination of atoms to 
give di-atomic molecules. The work is in partial confirmation 
of the theories of Polanyi {Z. Physik, 1920, 1, 337), Herzfeld 
(Z. Physik, 1922, 8, 132), and Christiansen (Z. physikal. Chem., 
1923, 108, 91 ; ibid., 1923, 104, 451), according to which a 
collision between two atoms gives rise to a stable molecule 
only if the energy of reaction of the complex formed is removed 
by collision with another molecule. This theory is of great 
value in explaining homogeneous catalysis. 

Bodenstein and his co-workers have found that the velocity 
of the reaction between hydrogen and bromine to give hydro- 
fadiomic add is given by the equation \ 

d[2HBrydt - + [2HBr3/[BrJ), 
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the reaction occurring in the following steps: 

1. Br, — aBr. 

2. Br + H, - HBr + H. 

3. H + Br, — HBr + Br. 

4. H + HBr - H, + Br, 

the hydrogen atoms produced in reaction (2) undei^oing 
combination according to reactions (3) or (4). Now in the 
presence of iodine the velocity of the above reaction is reduced, 
Very probably owing to the reaction (5) H + It “ HI + I. 
The removal of the hydrogen atoms by iodine decreases the 
formation of bromine by equation (3), and the iodine atoms 
formed are incapable of reacting with hydrogen molecules to 
give hydriodic acid since this change is strongly endothermic. 
In the presence of an excess of iodine it is possible to limit the 
formation of bromine atoms to actuation (1), and from the rate 
of formation of hydrobromic acid (2) to deduce the velocity 
of dissociation of bromine molecules into atoms. Since the 
equilibrium constant for reaction (1) can be determined experi¬ 
mentally, the velocity of the back reaction, the rate of combina¬ 
tion of the bromine atoms to give bromine molecules, can 
readily be obtained. This is found to be 1 / i 20 of that calculated 
from the total number of collisions between the bromine atoms 
present. 

This result is only approximate owing to uncertainties in 
the method of treatment, but it has been confirmed by more 
accurate measurements on the photochemical reaction between 
hydrogen and bromine. The velocity is given by 

d[HBr]/eft - k VjZ • [HJ/(i + ([HBr]/io[BrJ), 

an equation which is deducible directly from the equation for 
the thermal reaction above. The measurement of the 
light absorbed, makes possible a calculation of the rate of 
dissociation of bromine molecules under the action of light, 
assuming that one quantum is absorbed per bromine molecule. 
A comparison between the velocity of the photochemical 
and thermal reactions yields, in conjunction with the known 
dissociation equilibrium constant for bromine molecules, the 
velocity of combination and the concentration of the bromine 
atoms. From the concentration of the atoms, the number of 
collisions can be calculated and it is found that the percent^e 
of fruitful collisions is 1*25. 

According to the theory of Herzfeld, the percentage of the 
complexes formed from bromine atoms which undergo collision 
with another gas molecule before dissociation occurs is about 
1*0 at atmospheric pressure. Tliis is in agreement with experi¬ 
ment, but the percentage should depend on the total pressure 
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and th(S temperature, whereas Bodenstein finds that it is in* 
dependent of the pressure and temperature over the ranges 
he has investigated. 

This discrepancy if confirmed will necessitate a revision of 
the aboye theories of chemical reactivity. It would appear 
that the factors which decide whether the complex between the 
bromine atoms will undergo reaction (a) Br - Br 2 Br or 
(b) Br - Br -> Br, + Q are independent of the gas pressure, so 
that the removal of Q by collision is not an essential part of the 
mechanism of the reaction. The ratio of the probabilities of 
the two processes would appear to be dependent on the internal 
character of the complex, such as its energy content and the 
degree of penetration of the bromine atoms on collision. 

Anisotropic Liquids .—Important changes have been intro¬ 
duced into the methods of classification of liquid crystals during 
the last few years, but these have not met with general accept¬ 
ance. Lehmann, in his original classification, sharply distin¬ 
guishes between “ flowing ” crystals and liquid crystals. The 
former, including those viscous crystals which very readily 
undergo deformation on the application of unilateral pressure, 
are grouped with solid bodies, and the latter, which possess 
no definite external crystalline form, are placed in a class by 
themselves. As an alternative to this method of classification 
G. Friedel divided anisotropic liquids into two sub-groups, 
liquids d fils and liquids d coniqus, a division based on 
their appearance under polarised light. These he replaced 
later {Ann. ds Physique, 1922, ix, 17-18, 304) by sub-groups 
termed nematic, cholesteryl, and smectic respectively. Accord¬ 
ing to this author, the nematic and cholesteryl types are 
characterised by an arrangement of the molecules in chains 
orientated normally to the surfaces of the liquid. In the 
cholesteryl but not in the nematic type the chains of molecules 
are arranged spirally and rotate the plane of polarised light. 
The smectic type show a focal structure, liquids d coniqus, 
and are characterised by the orientation of the molecules in 
one set of equidistant planes. 

Evidence as to the structure of anisotropic lipids was 
sought by subjecting them to X-ray examination. E. Htickel 
{Pkysihm. Z., 1921, 88, 561) showed that bodies of the nematic 
irod Cholesteiyl types gave no evidence of structure on examina¬ 
tion with X-rays, but de Broglie and E. Friedel {C.r., 1923,178, 
738) found that the oleates of ammonium, sodium, and potassium 
gave reflections with X-rays corresponding with planes of mole¬ 
cules at a distance apart of 43*5 A.U. and also obtained faint 
reflections corresponding with small^ distances. These soaps 
are included by Friedel m the smectic class, and this procedure 
was followed hy Piper and Grindley {Proc. Phys, Soc., 1922, IB, 
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*69) in thdr conclusions based on an X>ray examination of 
soap curds. According to Friedel’s definition, the molecules, 
in the smectic state of matter, are orientated in planes in which, 
however, they are free to move. Thus the symmetry is in one 
direction only. It is thus doubtful if the inclusion of soap 
curds as examples of the smectic class is justified on Friedel^s 
own definition of this sub-group, for these substances show 
evidence of orientation of the molecules in three different 
directions in space. McBain {Nature^ 1924, 113, 534; 114, 49) 
definitely comes to the conclusion that soap curds are solid 
crystals, thus adopting the original Lehmann classification. 
He has also shown that certain soap solutions, typical liguidt 
d coniqug, do not give evidence of structure under X-rays. 
On the other hand, £. Friedel (Cr., 1925, 180, 269) finds 
that ethyl p azoicy benzoate and ethyl p azoxy cinnamate, 
also liquidt d conique, definitely possess a smectic structure, 
the distance between the planes being greater for the anisotropic 
liquids than for the solid state. No trace of any othor directions 
of orientation was found. 

The position of soap curds is unsatisfactory ; they show a 
molecultf orientation which is almost as complete as for the 
crystalline condition, and certainly greater than that in the 
smectic state. They appear to occupy an intermediate position 
in the existing classification. 

The lack of ^eement between the results of the optical 
and X-ray examination of anisotropic liquids would seem to 
show that a rigid classification of liquid crystals is impossible. 
The various types merge one into the other. The varyit^ degm 
of mobility of the molecules in different anisotropic liquids 

g roduces differences in the amount of the orientation, whidh 
1 certain cases, although capable of giving rise to double 
refraction, is so slight as not to be detectable by X-rays. 

It must not be foi^gotten, however, that certain substances 
give rise to two distinct anisotropic liquid forms which are 
aon-miscible, each possessing its own range of stability. 

Streaming Anisotropy of Colloidal Solutions. —Colloidal solu¬ 
tions containing particles non-spherical in shape when placed 
in an electric or magnetic field may show birefringence and 
dichroism owing to the orientation of the partides. This 
anisotropy is also shown when the colloidal solutions are 
streamed through a tube or are rotated. Ferric oxide, vana¬ 
dium pentoxide, benzopurpxirine and other dyestuffs, soajps, 
gelatine, etc., when present as colloidal partides in solution 
show these phenomena. There is a tendency for rod-iike 
IMutides in colloidal solution to be arranged in swarms in which 
all the rod-like particles are paralld (A. Sz^;vari, Z. physihtd, 
Chem., 1924, U2» 293). 
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Vanadium pentoxide sol is especially suitable for investi^- 
tion since it gives rod-like particles of one type. Freundfach 
{Z. pkysikal. Ckem., 1924, 114, 161) has made quantitative 
measurements on the double refraction and dichroism of 
streaming and rotating vanadium pentoxide sols. The aniso¬ 
tropy is zero with a freshly prepared sol, but increases to a 
maximum with age with a speed following the equation for a 
reaction of the second order. The temperature coefficient of 
the ageing process is about 4 per 10°. The anisotropy depends 
on the streaming velocity, the particles arranging themselves 
the more nearly parallel to the direction of flow the higher the 
velocity and the larger the particle. Lyophobic colloids in 
which the particles, themselves isotropic, are of elongated shape 
show a positive birefringency, whilst with tabular particles the 
birefringency is negative (A. Frey, KoU. Chem. Beihe^U, 1925, 
80 , 209)> 

The specific inductive capacity of a sol of vanadium oxide 
increases with age in the same manner as the anisotropy 
(J. Errera, Bull, Soc. chim. Belg., 1924, 88, 422, 432). The 
time required for the particles to respond to the field is io~* 
seconds, and at high frequencies there is little time for the 
field to exert its directive action. Thus the specific inductive 
capacity depends on the frequency of the alternating currents 
used in the measurements. 

These properties decrease with rise in temperature due to 
increased Brownian movement of the particles. 

Electric Moments of Pure Substances. —^The unsymmetrical 
distribution of positive and negative electricity in chemical 
molecules gives rise to dielectrical phenomena which play a 
large part when chemical substances are employed as solvents. 
The researches of P. Walden on the relationship between 
dielectric constant and ionising power are well known in this 
connection. He and O. Werner have recently added to our 
knowledge on this aspect of the subject by a study of the 
dielectric constants of the chloro paraffins and olefines (fZ. 
pkysikal. Chem.f 1924, 111, 465). They find that the solubility 
of mercuric chloride in these solvents is proTOitional to their 
dielectric constants, and that the greater the dielectric constant 
the higher the ionising power. Their results possess an interest 
fiom the point of view of the structure of the chloroderivatives, 
particularly those for the stereoisomeric di-chlorethylenes, 
C^HiQ,. For the cis-formj e — 3*67, and for the trans-form, 

7’SS ^ the liquid condition. This shows the highly con- 
ftitutive character of the dielectric constant. Since the 
ic fxilarisation ” H — (« — i)/(e - 2), the molecu^ 
ition of the trans-form is greater than that of the cis- 
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liquid state are more unsymmetrically arranged than for the 
latter. 

In a paper by L. Ebert (Z. physikal. Chem., 1924, i) 
an attempt is made to explain the significance of dielectric 
polarisation from the point of view of constitution. This 
author analyses the molecular polarisation P due to dipole 
molecules into that due to the electronic Pm, the ionic P^, 
and the molecular orientation Po, and indicates methods for 
their evaluation {P — PmPa + Po)- Pa + Po is of ^eat 
interest from the physico-chemical point of view, especially in 
explaining the association of molecules in the gaseous and liquid 
condition. Water and the alcohols give almost identical values 
for Pa + Po in the gaseous state, H,0, 56-3 ; CH,OH, 547 ; 
CjHjOH, 54-9, but in the liquid state, owing to the occurrence 
of dipole-association, the value for water is decreased to a much 
greater extent than for the alcohols. In general, it is found 
that the smaller the size of the dipole molecule the more strongly 
is it associated in the liquid condition. The orientation 
polarisation of molecules containing several dipoles is shown 
to depend on the molecular symmetry, being the higher the 
more unsymmetrical the molecule. Thus measurements of 
this property will possess a value for the determination of 
molecular symmetry. The orientation of molecules in an 
electric field, the Kerr effect, and the magnitude of the van der 
Waal constant a depend on Po + Pa- Further papers on this 
subject have appeared by Ebert (Z. physikal. Chem., 1924,114* 
430), G. Szivessy (Z. Physik, 1924, 26, 323), and C. P. Smyth 
(J.A.C.S,, 1924, 46, 2151). 

OBOMOT. By G. W. Tyrrell, A.R.C.Sc., Fb.D., University, Glasgow. 

StratigraphiceU and Regional Geology. — h. large number of 
important memoirs on these subjects have come to hand 
recently. Prof. T. J. Jehu and Mr, R. M. Craig continue their 
studies on the geology of the Outer Hebrides with a description 
of South Uist and Eriskay {Trans. Roy. Soc. Edinburgh, liii, 
pt. 3, 1925, 615-41). These islands consist almost entirely 
of various gneisses and granulitic rocks belonging to the Ar> 
chsean, and all of igneous derivation. A belt of varying width 
on the eastern side of the islands is affected by zones of wearing 
resulting in the production of flinty-crush phenomena to an 
extraordinary extent. The western side of this belt shows a 
striking devdopment of flinty-crush rock, followed to the east 
by a broad zone of sheared and crushed gneisses. Numerous 
dykes of crinanite, quartz-dolerite, and lamprophyre intarsect 
tine gneisses akmg a N.W.-S.E. trend, and are therefore pre¬ 
sumed to belong to the Cainozoic igneous episode* 
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The chief result of Mr. W. J. McCallien's study of the 
Tarbert district of Loch Fyne (Trans. Geol. Soc. Glasgow, 17 , 

£ t. 3, 1925, 233-63) is the shifting of the present mapped 
oundary between the Erins Quartzite and the Stonefield 
Schists miles to the N.W. It is also shown that the Stone- 
field Whists become increasingly siliceous towards the boundary, 
and this is taken as indicating a passage to the conditions pre¬ 
vailing during the deposition of the Erins Quartzite. Accord** 
ing to Mr. E. B. Bailey’s interpretation, however, these rocks 
belong to different structural units and are brought together 
along a great line of movement. 

The geology of Southern Guernsey is described by Mr. D. J. 
Farquharson (Quart. Joum. Geol. Soc., 80 , pt. 3, 1924, 374-88). 
All the rocks are Pre-Cambrian, the oldest being the Jerbourg 
Schists of sedimentary origin, which are followed by several 
types of granitic and dioritic gneisses. At the south-western 
extremity of the island the Pleinmont shales and grit appear 
to have been deposited on an uneven floor of gneiss. 

The new Survey memoir on the Pre-Tertiary Geology of 
Mull, Loch Aline, and Oban (Mem. Geol. Surv., Scotland, 1925, 
140 pp.) deals with the crystalline schists, the sediments and 
lavas of the Old Red Sandstone, including the conglomerates 
and lavas of Oban and Kerrera, and the richly fossiliferous 
Mesozoic rocks of the region of which Mull is the centre. The 
latest Mesozoic formation consists of a few feet of white chalk, 
resting on white sandstones whose rounded and polished grains 
indicate desert conditions on the shores of the Chalk sea. 
This sandstone yields a first-rate glass sand at Loch Aline. 
The Ross of Mull granite is the only other material of economic 
importance in the district. 

The detailed examination of the Lower Carboniferous rocks 
of the Settle area has led Prof. E. J. Garwood and Miss E, Good¬ 
year (Quart. Joum. Geol. Soc., 80 , pt. 2, 1924, pp. 184-273) to 
the conclusions that the whole of the succession developed 
north of the North Ctaven Fault belongs to the N.W. Province 
facies, and exhibits the same faunal succession as that pre¬ 
viously determined for rocks of the same age in Westmorland. 
The strip of country lying between the Craven Faults is, fot 
the greater part, characterised by the same type of development, 
and the Middle Craven Fault may therefore be taken as the 
southern limit of the N.W. Province facies. There are several 
minor points of difference when the West Yorkshire succession 
is compare^ with that of Westmorland. A gradual lateral 
change from the northern to the southern type of sedimentation 
and muna can nowhere be traced. The change generally occurs 
abruptly along the line of the Middle Cra^ren Fault. The 
immenis of stratigraphical distribution and development may 
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be best explained by postulating a general movement from the 
S. or S.£. against the rigid northern block comprising Ingle- 
borough and the Craven Highlands, the actual lateral displace¬ 
ment being greatest along the margin of the South Craven Fault. 

Prof. S. H. Re3molds and Dr. E. Greenly have described the 
remarkable structures in the Upper Palasozoic rocks of the 
Clevedon-Portishead area of Somersetshire {Quart. Joum. Geoi. 
Soc., 80, pt. 3, pp. 447-67). The tectonics are stated to be of 
true Northwest Highland type, with a |jeat thrust-plane itself 
bent into secondary undulations. Folding appears everywhere 
to be subordinate to thrusting. 

In a discussion of the Calciferous Sandstone strata succeeding 
the lavas of that period in North Ayrshire (Trans. Geol. Soc. 
Glasgow, 17 , pt. 2, 1925, pp. 204-32) Mr. J. E. Richey shows 
that the lava land was partly submerged, and a gulf came into 
existence communicating north-eastward with the Renfrewshire 
basin of deposition. In this seaway the Calciferous Sandstone 
sediments were laid down. A large land area bordered it to 
the east, and probably also to the west. These conclusions are 
based on the geographical distribution of the limestones below 
the famous Hurlet seam. Subsidence of these lands resulted 
in marked overlaps of the higher strata over the lower, and 
notable variations of thickness ensued. The eastern land 
finally disappeared early in the Limestone-Coal Group times. 
The distribution of the overlap points to unequal subsidence 
of the land rather than to surface irregularities. 

The Geological Survey memoir on the country around Wem 
(^hro^shire) describes a region which is mainly occupied by 
Triassic rocks (Mem. Geol. Sum., Expl. of Sh. 138, England, 
1925, 118 pp.). Structurally they form an elongated synclinal 
basin the axis of which runs S.W. to N.E. An outlier of Lias 
occurs at the N.E. extremity of the outcrop, and the Bunter 
Sandstones and Pebble-beds crop out as a rim around the 
matins of the basin. 

Prof. W. S. Boulton describes the curious breccia-bed 
recently discovered by him underlying Nechells (Birmingham) 
and its relations to the red rocks of the adjacent district (Quart, 
Joum. Geol. Soc., 80, pt. 3, 1924, pp. 343-7?)* The breccia is 
mainl?r a coarse scree accumulation deposited on dry land, 
with mtermittent washes of sand and marl swept down from 
the hill slopes by flood waters. It is believed to occupy the 
stratigraphical portion of a large part of the Bimter Sandstone 
and Pebble-beds in the adjacent areas. 

The Permian breccias of Arran have been studied by Mr. 
B. H. Barrett with a view to determining the sources of their 
materiate (Trans. Geol. Soc. Glasgow, 17 , pt. 2,192$, pp. 364 -<jFo). 
He shows that the pebbles were brought in by nver fltmiu 
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from the north, east, and west, and that the sources were all 
ccnnparatively near at hand. 

Under the fascinating title of “ The Desert Shores of the 
Chalk Sea," Mr. E. B. Bailey {Geol. Mag., 61 , 1924, pp. 102-16) 
marshals the evidence for desert conditions over the British 
area during the Chalk period, basing his conclusions mainly on 
the Cretaceous sections in Mull and Morven, which show a fine 
millet-seed sandstone under the Senonian chalk bed, ^d^ pro¬ 
nounced silicification of the chalk itself. The latter is inter¬ 
sected by sand veins which carry rounded grains. Polished 
and rounded sand grains have also been found by various 
Investigators in the white Chalk from Antrim to France. The 
purity of the chalk is ascribed to the lack of rain on the neigh- 
TOuring land, resulting in an almost complete absence of 
terrigenous sediment. 

The cycles of sedimentation and the history of the Anglo- 
Franco-Belgian Cainozoic basin are the subjects of argumenta¬ 
tive papers by A, K. Wells and S. W. Wooldridge {Geol. Mag., 

1923, pp. 545-50) and Prof. L. D. Stamp {ibid., 81 , 1924, 
pp. 98-102). 

Dr. Th. Vogt has closely studied the transition between the 
Sparagmite system of South Norway with its non-fossiliferoua, 
arenaceous, continental deposits, and the overlying marine 
deposits,the lower layers of which contain a rich Lower Cambrian 
fauna {Norsk. Geol. Tidsskr., 7 , pt. 3, 1924, pp. 281-383). The 
main result of the work is that there is not a gradual transition 
between the two formations as previously thought, but a typical 
disconformity, of sufficient time-length to allow for the two 
zones of Lower Cambrian which are missing in the section near 
L. Mjdsen. Vogt concludes that the Sparagmite system repre¬ 
sents a Late Proterozoic series of sediments, which, however, is 
more closely related to the oldest Palaeozoic formations than 
to the preening Proterozoic S3rstem (the Jotnian), and is there¬ 
fore to be considered as a transitional system. 

The geolo^ of Prince Charles Foreland, the long, narrow, 
mountainous island off the west coast of Spitsbergen, has been 
described by the writer {Trans. Roy. Soc. Edinburgh, 68, pt. a, 
1934, pp. 443-78). The island consists mainly of Hecla Hook 
roda, which are probably Cambro-Ordovician in age, and are 
correlated with certain rocks in North Norway and tne Durness 
Limestone of the north-west of Gotland. Two of the three 
series into which the S3rstem is here divided show advanced 
cataclastic structures, due to great mechanical movement in an 
orogenic belt which is the continuation of the great Caledonian 
fold-mountain range of Scotland and Scandinavia. Rocks of 
Cainozoic age occur in a narrow eastern zone. Th^ conrist 
of coarse basal breccias resting on the Hecla Hook rocks, fol- 
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lowed by thick sandstones and shales. This series is down- 
faulted towards Foreland Sound, and as an exactly reciprocal 
Structure has been found on the opposite (mainland) side, 
Foreland Sound appears to be a trough or graben which has 
subsided below sea-level. 

Prof. O. Holtedahl’s expedition to Novaya Zemlya in 1921 
has been fruitful in stratigraphical results (“ Report on the 
Scientific Results of the Norwegian Exped. to Novaya Zemlya, 
1921,” Vidensk.-selsk. Kristiania, 1924, 183 pp., 44 plates). 
The oldest rocks contain fossils of Ozarkian age. The existence 
of Silurian rocks is doubtful, and at any rate there are no signs 
of unconformity below the Devonian in this region. The 
Lower and Middle Devonian is represented mainly by limestone 
and dolomite, and is very fossiliferous. It is followed by 
sandstones and shales with volcanic zones, belonging to the 
Upper Devonian. Highly fossiliferous Lower Carboniferous 
limestones also occur, followed by rocks in which the fossils 
resemble those of the Artinskian horizons of Russia. The 
whole series was highly folded in the Hercynian deformation 
of Late Pateozoic times. 

The value of the work is greatly enhanced by a very thorough 
discussion of the Palaeozoic stratigraphy of ^ctic lands, based 
on the accumulated recent literature. This has led to wide 
generalisations of which the most important is perhaps the 
discrimination of two main systems of geosynclines and folding- 
zones ; an East America-West European-Arctic (or Atlantic- 
Arctic) system, and a West American-East Asiatic-East 
European (Pacific-Arctic) system. 

An important discovery by T. T. Quirke indicates that 
some of the so-called Grenville formation between the typical 
Huronian region and the Bancroft-Haliburton district of 
Ontario should be relegated to a much higher horizon (joutn, 
GwLf 8S, 1924, pp. 316-35). In this region Huronian sediments 
can be traced into metamorphic rocks of the distinctive Gren¬ 
ville type ; and with them are amphibolites which are due to 
the metamorphism of Keweenawan diabases. Hence, too, the 
batholiths which cut the “ Grenville ” schists and gneisses 
must be regarded as of Post-Huronian rather than of Pre- 
Huronian age, as heretofore. 

The description of the fine collection of fossils and rocks 
from Somaliland, made by Messrs. B. K. N. Wyllie and W. R. 
Smellie under the auspices of the A.P.O.C., and the geological 
results obtained therefrom, form the sulriect of the first mono* 
^aph of the Geological Dept, of the Hunterian Museum of 
Glasgow University {Mon. of the Geol. Dept,, Hunt, Mus., 
Glasgow Univ., No. i, 1925, 180 pp., 18 plates). Somaliland, 
the north-eastern horn of Africa, is geo^aphically unique as 
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Africa's only great peninsula. Prof. J. W. Gregory has edited 
^ volume, and has contributed an introduction on the geo¬ 
logy of the country and its relation to the great Rift Valley 
system of East Africa. Somaliland consists of a foundation 
of gneiss, which is covered by marine Jurassic and Cainozoic 
limestones, the Cretaceous Nubian Sandstone, and by lavas of 
at least two distinct geological periods. Messrs. Wyllie and 
Smellie have written an account of their geological traverses 
across the country, and specialists have described the several 
groups of fossils. 

In a memoir dealing with the geology and physical geo¬ 
graphy of Chinese Tibet with reference to the mountain sys¬ 
tems of S.E. Asia, the results of their recent expedition, Prof. 
J. W. Gregory and Mr. C. J. Gregory {Phil. Trans., Ser. B, vol. 
213) 1925) PP- 171-298) describe a long succession of stratified 
and igneous rocks, ranging from the Eozoic to the Pleistocene, 
in which only the representatives of the Cambrian, Jurassic, and 
Cretaceous formations are missing. The geological structure of 
Chinese Tibet and the adjacent districts of eastern India is 
complicated by the superimposition of at least three systems of 
folding : the earliest in the Pre-Cambrian mainly of meridional 
trend ; the second of Hercynian age, which has produced the 
Indo-Malayan mountain-system strikingN.N.W.-S.S.E.; and the 
third the Himalayan system of approximately E.-W. direction. 
The evidence favours the suggestion that the Himalayan folding 
crossed the lines of the older Hercynian folds in Chinese Tibet. 
Inliers of older rocks occur in series trending west and east, and, 
although greatly influenced by the Hercynian structure, they 
occur in positions consistent with their uplift along axes of 
Himalayan direction. 

A S}miposium on the correlation of the Tertiary formations 
of S.E. North America, Central America, and the West Indies, 
with the Tertiary formations of Europe, has been held by the 
Geological Society of America, under the presidency of Dr. 
T. W. Vaughan {Ball. Geol. Soc. Atner., 85, 1924). ^ In his 
presidential address {ibid., pp. 677-742) Dr. Vaughan discussed 
the criteria and status of correlation and classification of 
Tertiary deposits in general, including therein a masterly 
statement of principles and a criticism of the Lyellian method 
of correlation, and giving some valuable correlation tables of 
European and Amencan Tertiary formations. W. D. Matthew 
followed with a discussion of the Tertiaries of the Great Plains 
{ibid., pp. 743-54), which he hopes will be of service in recon- 
^ng the evidence of vertebrate faunas with that of marine 
invertebrates and plants. The remaining nine papers of the 
s^posium all de^ with various palaeontological aspects of 
toe Tertiary formations. 
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The British Virgin Islands, according to Mr. K. W. Earie, 
(Geol. Mag., 81, 1924, pp. 339-51), consist of rocks of igneous 
and metamorphic nature, with accumulations of pyroclastic 
rocks, breccias, and agglomerates. The i^eous rocks consist 
of granodiorites, diorites, and gabbros, with various types of 
dykes, and lavas consisting of augite-andesite and basalt. 
The metamorphic rocks are mainly altered sediments probably 
of tufiFaceous nature, and often interbedded with volcanic 
breccias and agglomerates. These sediments are probably of 
Cretaceous age, whilst the igneous rocks belong to the Cainozoic. 
The geological structure of the islands correlates them indis¬ 
putably with the Greater than with the Lesser Antilles. 

Linked with the foregoing to some extent are the folloi^g 
two works, which are too detailed to be adequately summarised 
here: A. Deussen," Geology of the Coastal Plain of Texas West 
of Brazos River,” Prof. Paper, U.S. Geol. Surv., No. 126, 1924, 
*5* PP*» 36 plates; W. P. Woodring, J. S. Brown, and W. S. 
Burbank, ” Geology of the Republic of Haiti,” Geol. Surv. Haiti, 
1924, 631 pp., 39 plates. 

H. von Ihering’s paper on Die Kreide-£oc3n Ablagerungen 
der Antarctis {N. J. f. Min., B.-B., 61, 1924, pp. 240-301) is 
a useful summary of the Cretaceo-Eocene deposits, mainly of 
the American sector of Antarctica. 

J. G. Andersson has written a valuable review of the Cainozoic 
deposits of Northern China in a volume of essays on that subject 
{Mem. Geol. Surv. China, Ser. A, No. 3, 1923, 152 pp.). 

Sedimentary Rocks. — h. Heim presents a thorough discussion 
of submarine denudation and chemical sediments {Geol. Ru*^ 
sehau, 16, 1924, pp. 1-47). He proposes a number of new 
technical terms for the various phases of subaerial and sub- 
aqtmtic denudation, and discusses the origin of greensands, 
radiolarian ooze, deep-sea clajrs, and marine limestones. An 
important conclusion is that many discontinuity planes in 
marine sediments are due to certain subaquatic processes, and 
not to emersion and transgression. 

A massive work on the deep-sea deposits of the Atlantic 
Ocean prepared under the direction of the late Sir John Murray^ 
and with a discussion of the results by Mr. J. Chumley, has 
recentty been published (Trans. Roy. Soc. Edinburgh, 64, t, 
pp. ix, 252). No less than 1,426 samples collected during 
thirty-five cruising expeditions between 1857 3nd 1911 are 
fully described. Mr. Chumley has distinguished eleven types 
of deposit, which, in order of fi-equency, are globigerina ooze, 
blue mud, red clay, volcanic mud and sand, pteropod ooze, 
green mud and sand, coral mud and sand, diatom ooze, red 
mud, calcareous sand, and radiolarian ooze. Transitional 
deposits; and the rare oases in which stratification is i&own In 
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ttwwmpleSi are discussed, as weU as the o^anic and inorganic 
materials which enter into the composition of the Atlantic 
bottom deposits as a whole. 

In a paper on the origin of tHe sedimentary iron ores, G. Berg 
{G0OI. Rundschau, 16, 1924, pp. 97-109) shows that in all kinds 
of marine and continental iron-ore sedimentation there is a 
gradual variation in the nature of the sediment with decreasing 
oxygen-content of the medium from which the deposition 
takes place, and also with the iron-concentration of the solutions. 

In his second Presidential Address to the Liverpool Geolo¬ 
gical Society, Prof. P. G. H. Boswell presents some further 
considerations on the petrology of sedimentary rocks {Proc. 
Liverpool Geol. Soc., 14, 1924, pp. 1-33). He reviews the 
circumstances by which the distribution of heavy minerals in 
British sediments is influenced, and shows that the variety of 
minerals is greatest at periods of orogenetic movement. Methods 
of description of the minerals are considered, as ako the range 
of minerals in geological time, and the evidence provided by 
them regarding the climatic and physiographic conditions under 
which the deposits were laid down. 

Prof. Boswell has also described the petrography of the sands 
of the Upper Lias and Lower Inferior Oolite in the West of 
England (Geol. Mag., 61, 1924, pp. 246-64). The deposits are 
of neritic facies, and possess a characteristic and peculiar 
mechanical and mineral composition. There is a general 
constancy of grade, mostly very fine sand grade. The sands 
are blue and glauconitic in depth. They contain an abundance 
of angular brown-pink to colourless garnets (possibly derived 
from rocks like those of the Lizard). Micas, too, are abundant, 
together with chlorite, chloritoid, kyanite, staurolite, orthoclase, 
and microcline. The abundance of titanium minerals is 
characteristic of the deposits. The sands differed markedly 
in petrolo^ from the Palaeozoic rocks of Wales and the West 
Country, from the Triassic, and from the Cretaceous and 
Eocene of Devonshire and Dorset. It is concluded that the 
Lias-Inferior Oolite sands have been derived from the south 
or south-west, and from rocks like those of western Brittany. 

A study of the microstructure of South Wales anthracite 
by A. Stuart {Geol. Mag., 61, 1934, pp. 360-6) has led to the 
conclusion that the same materials have contributed to the 
composition of anthracite as to the bituminous coals. Loosely 
packed cells and large intercellular spaces testify to plants of 
a swampy environment. The megaspores and cells show no 
si^s of having undergone undue pressure, and it is therefore 
d^cult to believe that the coal has originated by the compres- 
•kn of a mass of veMtation many times the present thiolaieas 
of tiieaeain. Hence Mr. Stuart turns to the concept of a viscous 
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fluid as the parent of coal, in which plant remains were graduaHy 
carbonised, and in which solidification through increasii^ 
^cosity took place before the deposition of much sedimentary 
material above it. The flow structures which have been 
demonstrated in the coals are understandable on the hypothesis 
of a semi-fluid mass. 

Paraffin dirt ” is a curious form of clayey soil found in 
the Gulf Coast region of Texas and Louisiana, which has a 

E ecuUar rubbery, curdy, resilient character when wet. It 
as been thought to be of significance in locating concealed 
oil and gas pools. Mr. H. B. Milner {Mining Mag., 82 , 192$, 
pp. 73-85) has little difficulty in demonstrating that it is a 
true soil in all respects, and differs in no fundamental structure 
or in mineral composition from other soils. It contains a 
large amount of colloidal organic matter and is strongly adsorp¬ 
tive, but it is not paraffinaceous, and not a residual product 
of inspissated petroleum. Its resilience is connected with its 
adsorptive powers for fluids and gases, and its connection with 
petroleum is believed to be largely fortuitous. 

J. V. Lewis’s paper on the fissility of shale and its relation 
to petroleum {Bull. Geol. Soc. Anter., 85 , 1924, pp, 557-90) 
contains some valuable material on the nature and origin of 
clay and shale, and on the development of fissility in argillaceous 
rocks. The mechanical basis of fissility in shale is the parallel 
arrangement of flat and elongate constituents. These are 
partly original materials, but in general they are mostly of 
secondary origin. The force producing the structure is gravita¬ 
tional compression, resulting in the flattening of soft particles 
and flocculent aggregates, the orientation of flat constituents 
into parallel horizontal arrangement, and leading to the develop¬ 
ment of flaky secondary kaolins and hydromicas. Plastic 
flow of the sediment is also an aid in the parallel arrangement 
of the constituents. 


WJJkXX nmiOKOOT. By Prof. Walter Stilbs, Sc.D., University 
College, Reading (Plant Physiology Committee). 

Irritability and Movement in Plants .—Research on movement 
in plants has been pursued vigorously since this subject was 
last reviewed in these pages three years ago, so that only a 
selection of the more representative and important contribu¬ 
tions can be referred to in this review. 

Further investigations on contact stimulation have been 
made by P, Stark (“ Weitere Untersuchungen Uber das Result- 
antengesetz beim Haptotropismus. Mit besonderer Beriick- 
sichtigung ph3rsiologisch nicht radiftrer Organe,” Jakrb. /. wiss. 
Bot., O, 126HS7, 1922). In coleoptiles, sdiioh are usualfy 
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dKptical in cross-section, it was found that if the narrow and 
broad sides are subjected to equal stimulation by stroking, the 
resultant curvature is in the direction of the broader side. 
This is probably due to the structure of the coleoptile, the 
mechanical resistance to movement being less in the direction 
of the broad side. The reaction to contact stimulation was 
studied particularly in the markedly dorsiventral petioles met 
with in the genus Clematis. Here Stark was able to make out 
three types of reaction : the rec/o-type, in which the upper and 
under sides react equally strongly, but less strongly than the 
flanks; the/>a»*»cM/a/fl-type, in which the under side reacts more 
strongly than the flanks and these more strongly than the upper 
side; and the Vitalba-type, in which the flanks respond most 
strongly, the under side a little less intensively and the upper 
side least strongly. 

An interesting observation on reaction to contact in Gytn- 
nopetalum has been made by P. M. Deb barman (“ Some Obser¬ 
vations on the Anchoring Pads of Gymnopetalum cochinchin- 
ense Kurz, and some other Cucurbitaceous Plants,” Joum. 
Indian Bot., 8, 52-7, 1922). It was observed that if a tendril 
of this plant comes into contact with a large, rough, flat surface 
around which it cannot coil, the epidermal cells in the neigh¬ 
bourhood of the place of contact develop into very thin-waUed 
papillae which, by rapid development of transverse walls, form 
linear hair-like structures. These, by entering into crevices of 
the surface, serve to bring the tendril into close contact with it. 

Experiments to test the contact irritability of root-hairs 
of a number of species belonging to eleven different families 
have been made by K. Seidel (” Untersuchungen fiber das 
Wachstum und die Reizbarkeit der Wurzelhaare,” Jcdnrb. /, 
wiss. BoL, 68, 501-52, 1924). In all the species examined 
it was concluded that the root-hairs exhibit no thigmotropism, 
but that all observations which might appear to indicate con¬ 
tact irritability can be explained on account of rapid growth 
and the plasticity possessed by the membrane at the tip of 
the root-hair. 

The hydrion theory of geotropism propounded by Small 
has been subjected to severe criticism from a number of different 
queers. Various assumptions made by the theory have been 
ctiticised by V. H. Blackman (” The Theory of Geotropic 
RMponse,” New Phyt., 80 , 38-42, 246-7, 192ij and R. Snow 
(” The Hydrion Theory of Geotropism,” New Phyt., 80 , 247-8, 
1921), while a number of different workers have failea in 
attempts to produce the reversal of geotropic response in 
•terns and roots by exposure to acid and alkaline vapours 
respectively, such a reversal forming the eimerimental basis 
of Small’s theory. Thus, F. C. Newcombe (" The Supposed 
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RcTersal of Geotropic Response," New Phyt.,n, 381-8, 1933)* 
after an attempt to repeat Small’s experiments, considers that 
&nall’8 conclusions in regard to reversals of direction were due 
to " misinterpretation of distortion figures and to the behaviour 
of sagging shoots, too old and too weak to hold themselves 
erect." The conclusion of N. Cholodny (" Zur Frage nach der 
Rolle der lonen bei geotropischen Bewegungen," Ber. detU. 
bot. Ges., H, 300-11, 1923) fronj experiments carried out with 
Hdianihus seedlings in atmospheres containing relatively large 
proportions of carbon dioxide, is that the supposed reversal 
of the normal ageotropic curvature in the stems is really a 
passive sinking down of the seedlings, and that in general the 
curvatures observed by Small and his collaborators are the 
result of pathological changes due to the abnormal conditions 
to which the seedlings were exposed. Similar results and con¬ 
clusions are also recorded by R. E. Chapman, W. R. I. Cook, 
and N. L. Thompson (“ The Effect of Carbon Dioxide on the 
Tropic Reactions of Helianthus Stems," New Phyt., 28 , 50-62, 
1934), by Anna A. Haire (“ Attempts at Reversal of Geotropic 
Response," Papers Michigan Acad. Sci. Arts and Letters, 8 , 
111-32, 1924), and by W. Allen (“ De I’influence du gaz car- 
bonique sur le g^otropisme," Comp. rend. soc. biol., 90 , 1447-8, 
1924). 

In a continuation of work on the geotropic reaction in 
ferns Miss T. L. Prankerd and Miss F. M. O, Waight (" On the 
ihesentation Time and Latent Time for Reaction to Gravity 
in Pteridophytes,” Rep. Brit. Ass., Hull Meeting, 1922, p. 397 • 
see also Ann. Bot., 87 , $ 5-61 ,1923). have attempted to determine 
the range of intensity of gravitational irritability in the frontb 
of Asplenium bulbiferum by finding the presentation time under 
different conditions. It is found that the fronds of this fam 
ei^ibit a grand period of irritability to gravity as measured 

presentation time, this period corresponding with the stage 
of development of the frond and not directly with its age or 
size. At 20° C. and 85 per cent, humidity the presentation 
time decreases from 8 hours at a very early staM of develop¬ 
ment to a minimum of half an hour when the fifth to seventh 
pairs of leaflets are unfolding. With further development 
the presentation time increases up to about 6 hours a little 
before the frond is mature, when response to the gravitational 
stimulus ceases. The latent time also varies with the stage 
of development of the frond, but to a much less extent »b«>r» 
the presentation time, the range being from 16 to 5 hours. 

j^me important contributions have been made on the si^- 
ject of phototropism, chiefly in reference to Blaauw's theocy 
that phototropic curvature is due to the different rates qf 
growth of the two sides of an oigan resulting from the diffoeiKt 
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intensities of illumination to which the two sides are exposed. 
L. Brauner (“ LichtkrUmmung und Lichtwachstumsreaktion,*’ 
Zeitschr. f. Bot., 14 , 497-547, 1922) carried out experiments on 
the coleoptile of oat from this point of view. A metal filament 
lamp was used as source of light and parallel series of experi¬ 
ments were performed in which growth and phototropic curva¬ 
ture were measured. In the experiments on the influence of 
light on growth the plants were illuminated by means of two 
mirrors facing one another, and in the experiments on photo¬ 
tropic curvature by one mirror only ; in Doth cases the light 
fell perpendicularly on the surface of the plant axis. Grod 
agreement was found between growth-reaction and curvature 
in the two series of experiments. The region of response is 
the uppermost 10 mm. of the coleoptile, although if response 
is artificially prevented in this region the basal part of the 
organ will react. Brauner supposes that the permeability of 
the cells is increased by illumination so that on the more 
illuminated side the conduction of growth-inhibiting substances 
is facilitated with the result that on the illuminated side growth 
is retarded and curvature results in the direction of the source 
of light. By the use of an electrical conductivity method the 
same worker subsequently showed that the permeability of the 
cells of the Avena coleoptile does actually increase as a result 
of illumination (“ Permeabilitat und Phototropismus,” Zeitschr. 
/. Bo/., 18 , 113-32, 1924). From the results of a series of 
experiments ako carried out on the coleoptile of Avena in 
which curvatures and growth under one-, two-, and four-sided 
iUumination were observed, O. Renner ('* Die Wachstumsreak- 
tionen bei Licht- und Schwerkraftreizung,” Zeitschr. /. Bot., 14 , 
449-<fi2, 1922) also considered that he had obtained evidence in 
support of Blaauw’s theory of phototropism. 

Opposition to Blaauw’s theory comes from H. Lundeg&rdh 
(" Eto Beitrag zur quantitativen Analyse des Phototropismus," 
Afhw f. Bot., 18 , 1-62, 1922). The experimental material 
•gam the coleoptile of Avena. It was found that with increasing 
<raantity of incident light energy a maximum reaction was 
wtained with a light quantity of 10 lux-seconds. With further 
increase in Ught quantity a minimum reaction was obtained 
at almut 4,000 to 10,000 lux-seconds and a second maximum at 
abmit a x 10* lux-seconds, the response again decreasing with 
further increase in the value of the stimulation. These results 
c a nno t be explained on the view that the ciurvature results 
ItoBi independent growth reactions in different regions of tlm 
coleoptile, and it is held that the direction of the ciuvature is 
dbtsfrained by the dkection in which the incident light pene- 
the reacting organ. Lundeg&rdh considers that the 
mtive relating intenmty of response wtfa intensity of stimuktion 
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I* to be regarded as the resultant of two curves, one in which 
the response is positive and the other in which it is negative, 
having different thresholds of stimulation, but of similar course. 

Among researches dealing with chemotropism may be men¬ 
tioned those of W. Mevius on Drosera rotundifolia (" Zur 
Chemonastie von Drosera rotundifolia," Biochem. Zeitschr., 
IW, 548-65, 1924). Leaves of this plant were placed in solu¬ 
tions of various salts in a number of different concentrations 
and the effect on the tentacles observed. Thus in a solution 
of sodium chloride with a concentration of N/40 or lower the 
tentacles bend over and then return to their original position, 
while in higher concentrations of the salt the tentacles remain 
bent. The nitrates of potassium and sodium were found to 
be more effective than the iodides, bromides, and chlorides, 
while these were more effective than the sulphates. 

In the work of Seidel on root-hairs referred to above, it 
was found that the root-hairs of most of the species examined 
showed positive chemotropism when stimulated by great 
excess of some particular ion. Thus members of Polygonaceae 
and Chenopodiaceae were found to be very sensitive to phos¬ 
phates, the Caryophyllaceae to nitrates, and the Gramineae to 
ammonium salts. The relation between intensity of stimulation 
and intensity of response was found to obey Weber’s law, 
while no negative chemotropic curvature was observed in high 
concentrations of dissolved substances. 

So-called autonomous movements have been described by 
W. T. Saxton in the case of the lateral leaflets of Eleiotis soraria 
(“ Autonomous Movements in Eleiotis soraria D.C.,” Joum. 
Indian Bot., 8, 72-8, 1922). They possess a movement of the 
same type as that of the leaflets of Desmodium gyrans, having 
a longitudinal amplitude of about 140® and an amplitude of 
rotation of the petiole of about 30® to 100.®, thus moving in a 
curve of which the orthogonal projection approaches an ellipse 
in form. A complete rotation occupies about two minutes. 
At the same time as the leaflets are carrying out this movement 
thqr are also undergoing a rotational oscillation on their own 
axes. The movements differ from those of Desmodium gyram 
in one important point, namely, that the movement along the 
major axis of the curve is chiefly due to curvature of the distal 
end of the stalk of the leaflet and only to a much less 
to curvature of the proximal end, 

A reinvestigation of the influence of the electrical conduc¬ 
tivity of the air on the so-called sleep movements of the leaves 
of Phaseolus muUiflorus has been made by E. Scheidler and A. 
Sp«lich (“ Die Bewegimg der Prim&rblktter bei etiolierten 
Keimpflanzen von Phaseolus muUiflorus" Zeitschr. /. Boi,, 14 , 
S 77 - 97 i 1922). By contemporaneous registration of the leaf 
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movements and of the conductivity, and by artificially altering 
the conductivity of the air, they succeeded in showing, con¬ 
trary to the opinion formerly expressed by Rose Stoppel, that 
the periodic movement of the leaves has nothing to do with 
the conductivity of the air. The movements must still be 
regarded as autonomous. 

Finally, reference may be made to two papers dealing with 
the transmission of excitation through the plant. In one of 
these Helen A. Purdy (“ Studies on the Path of Transmission 
of Phototropic and Geotropic Stimuli in the Coleoptile of 
Avena," Ket. danske Vidensk. Selsk., Biol. Medd., Ill, 8, r-29, 
1921) sought to determine whether the transmission of the 
phototropic stimulus from the illuminated tip to the shaded 
base of the coleoptile of Avena is limited to a definite restricted 
path. A transverse incision was made between tip and base 
of the cotyledon, thus separating the upper and lower portions 
of the organ through about a third to a half of the cross section. 
In the incision a piece of platinum foil was inserted. It was 
then found that a marked transmission of the excitation took 
place when the coleoptile was illuminated on the side of the 
mcision, but that when illuminated on the side away from 
the incision transmission of the excitation was only slight. It 
was therefore concluded that transmission of the excitation takes 
place chiefly in a longitudinal direction on the side remote from 
the source of light, and it was pointed out that the results 
agree with the theory that the transmission of excitation is 
brought about by the diffusion of one or more substances from 
the place of reception of the stimulus. 

The second paper on transmission of excitation to which 
reference should be made is one by R. Snow f" Conduction of 
Excitation in Stem and Leaf of Mimosa px*dica, Proc. Roy. Soc., 
B, 96 ^ 349-Mi 1924). This worker repeated experiments made 
by Ricca and agrees with him that the conduction of excitation 
in the stem of Mimosa pudico is normally brought about by the 
nsovement of a stimulant in the water of the xylem. He con¬ 
siders, however, that another form of conduction (“ high-speed 
conduction ") is also present. The stem stimulant appears not 
to a protein, and it will diffuse through a collodion membrane. 
It is held that conduction in the leaf takes place normally in 
the phloem, and the pulvinus is considered to be the place 
where the path of conduction changes over from xylem to 
phloem^ for in this region solutions can pass readily from one 
tissue to the other. 
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THE MEASUREMENT OF SOLIDITY 

By JOHN INNES 
Koyal Corps of Naval Construciors 

A PERUSAL of the histories of Physics, Chemistry, or General 
Mechanics will show that the earliest stage of a science is 
necessarily characterised by loose writing ; at a later stage 
more distinct meanings are assigned to the terms employed, 
and writers must perforce become more cautious, as statements 
which are intelligible can be disputed, and rejected if they are 
found to be false. At a still later stage quantities are defined 
and measimed, and in this last stage the utility of a science is 
enormously increased. The bounds now set to all the con¬ 
structional arts are those imposed by our knowledge of solidity, 
so it behoves us to reflect on the principles of measurement ana 
their particular application to the internal mechanics of solid 
bodies. The subject is an eminently utilitarian one, as our use 
and control of natural phenomena is strictly proportioned to 
the de^ee in which we understand them. 

Sohdity, as has been said of Electricity, " is not a thing 
like St. Paul’s Cathedral, but is a way in which things behave." 
Solids resist deformation, and the word " solidity " is here 
intended to cover the kinds, degrees, and attendant circum¬ 
stances of resistance. There is no settled terminology, and the 
words " consistence " and " firmness " seem equally suitable. 

The phenomena of solidity are as follows : To any assigned 
mechanical action or stimulus a solid gives definite characteristic 
reactions of mechanical and other types. Electrical, magnetic, 
and optical reactions are frequently met with, but sore custom¬ 
arily relegated to the particular sciences concerned; thermal 
reactions are universal and may conveniently be classed as 
mechanical. A series of solids can always be found which 
react in gradually varying degree to any assigned stimulns, 
and the reaction of a single solid varies progressively as the 
stimulus is modified in any particular manna’. Solidity is 
therefore a continuum of related quantities, such as is commonly 
met with in all branches of physical science. The onuses and 
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ori^ns of solidity are quite foreign to the present subject, 
which is defined as the mode of action of solidity. 

Experience suggests the propriety of dealing with the 
simpler forms first. A “ solidity " here implies a uniform 
solidity, and the properties of organic tissues, stratified rocks, 
and single crystals are not now in question. A^ reasonable 
regard for proportion is necessary. The superficial parts of 
the earth transmit force in much the same way as steel does, 
but even in a small part of the earth—^as at Beachy Head— 
one may find contiguous portions having widely different 
mechanical characteristics. Bodies like the industrial metals, 
massive rocks, glass, clay, rubber, and so on, present the type 
of solidity now referred to. Two specimens of any such body, 
when scrutinised closely, may be seen to exhibit a diversity 
and lack of correspondence in their parts, although the speci¬ 
mens may be indistinguishable by mechanical experiment. 
Moderately fine-grained solid bodies thus have a characteristic 
solidity of their own, distinct from the solidities of their 
components. 

The measurement of any group of entangled phenomena 
involves two acts of mind ; first the selection of quantities, and 
second the establishment of scales. A satisfactory choice 
displays the whole as a limited number of intelligibly related 
concepts ; the machinery of mathematics then carries the 
inquirer past all obstacles, into regions quite inaccessible to 
the unaided intellect. The process, and its importance, may 
be illustrated by the examples of space and electricity. 

Automotive creatures like ourselves have paid the closest 
attention to space throughout the whole course of our develop¬ 
ment. Lengths and angles can be estimated by the eye and 
recorded in the memory, and evenly-divided rigid scales are 
so readily constructed that no other kind suggests itself. Ex¬ 
treme familiarity makes it difficult to imagine a wrong choice 
of elements, or the use of arbitrary and irregular scales ; either 
mistake, however, would clearly have been fatal to the metrical 
comprehension of space. Geometry is indispensable to all the 
«rts, and, wh^e yardstick and quadrant are unknown, man 
still disputes his cavern with the bears. 

We have no eyes for electrical magnitudes, so the subject 
was developted at a much later date. In illustration of the 
BMthods which have proved successful it may be noticed that, 
about a hundred years ago, two distinct elements in a simple 
^ectrical S3rstem were found to retain a constant proportion 
irrespective of changes in a third element; the accumulated 
ohimiical actk>n was found to bear a fixed relation to a mechani- 
^ attractive force, and alterations of resistance ” did not 
oUtnxis the proportion. The abstract conception of * ‘ current *' 
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was thus established as an intelligible, if inexplicable, reality, 
and at the same time a rational scale for this quantity'Was 
determined. Prior to the conception of “ current,” electricity 
was a toy for the curious : afterwards, and in a comparatively 
short period, it has become an indispensable adjunct to civilised 
life. 

An historical example in chemist^ and a hypothetical one 
In ph3rsics will show that mere experimenting does not make a 
science. The records of Alchemy are lost, and need not be 
regretted. The experiments of Dalton, Gay-Lus^C, and 
Avogadro were no more accurate than those of their prede¬ 
cessors, but they were better regulated, and have fructified very 
differently. Incidentally we notice that the honest part of 
alchemy was confounded with dishonest mysticism, and that 
sciences which cannot justify themselves are still mistrusted. 

Suppose—as an alternative to the electrical procedure 
which has been recounted—that an instrument had been devised 
giving an indication of what can now be recognised as some 
moderately complex function of current and terminal voltam. 
The scale of such an instrument could only be divided arbitrarily, 
and a given reading might include either a large current or a 
small one. The instrument’s readings, though clear and precise, 
would serve neither for the ascertainment of electrical facts— 
as we require to know them—^nor for the advancement of 
electrical knowledge. Complexes of the kind in question are 
not subject to the rule that twice one are two, and, in short, 
are quite unintelligible. The electrical, chemical^ and optical 
industries owe their existence to pioneers who strictly abjured 
this kind of quantity. 

The relative value of rational and random experimenting 
is admirably shown in the history of solidity. Measurement 
began with metals. In the early da3rs of iron and steel the 
quality of the material was very variable, and technicians found 
it prudent to submit specimens to mechanical operations which 
roughly imitated the more important conditions of co-temporaiy 
use. The employment of these ” tests ” has persisted, and tte 
system has spread to other industries, but the more diverse 
and exacting requirements of recent times have shown that 
“ tests,” when not strictly imitative, are generally misleading. 
For this, or some other reason, new ” tests ” are constant^ 
being added to the old ones. The literature of indusUiM 
" testing ” has become considerable, but the so-called ” prac¬ 
tical ” tests have little influence on engineering practice, except 
in so far as uniformity of reaction is relied on as indicatii^ 
uniformity of solidity. In this respect the ” tests ” fall short 
of their intended object, as—^with one exception—^their indica¬ 
tions are complexes strictly analogous to the electriccd comj^en 
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recently mentioned. Some of the “ tests ” are frankly irra¬ 
tional, and the reaction is expressed as so many “ blows " or 
" bends ” ; in others, like the tensile test,” the reaction is 
misnamed, and given a spurious semblance of rationality. The 
single important exception is the Wohler type of experiment, 
in which the action is repeated many millions of times. Here 
the reaction is legitimately expressed in rational terms—as a 
stress—and it is significant to note that, despite its more facile 
competitors, this type of experiment is now becoming regarded 
with increasing confidence and favour. 

A very limited number of rational experiments has proved 
of greater service to engineers than the whole bulk of “ testing ” 
literature. The experiments in question showed that many 
important solids are characterised—in part—^by two distinct 
elastic constants. This discovery has led to a highly developed 
analytical theory of elasticity, which makes no claim to being 
a complete guide to the practical employment of solids in 
engineering, but is an invaluable guide, and the only rational 
guide available. 

The part played by ” tests ” in the design of structures is 
negligible, and ” tests ” aiford little, if any, guidance in the 
manufacture of improved materials. The improvement of 
design and material is based almost entirely on repeated full- 
sized experiment, which is perhaps satisfactory for small articles 
but quite inapplicable to large ones. The result may be seen 
by comparing, say, the structure of a steamship with the 
chassis of an automobile. The construction of steel vesseb is 
governed by Lloyd’s—or equivalent—Rules, and from time to 
time the ” action ” specified in Lloyd’s tests for ship plates 
has been amended with the object of defining it more closely. 
The ” reaction ” stipulated for has remained unaltered since 
the Rules were first published in 1889, whereas automobile 
steels, in a much shorter period, have improved almost beyond 
recognition. This illustrates what may be termed the language 
difficulty. Measurement is an extension of language, and 
" tests ” are a rude substitute for measurement. It has been 
seen that intelligible ideas cannot be conveyed by the clatter 
of *' tests,” but this, nevertheless, is the only means of com¬ 
munication between engineers and their purveyors. Ship 
designers, metallurgists, and the Insurance Societies have 
seemingly discussed improvements for thirty-six years—^with 
no result. 

The contrast between the ” test ” language and English 
may be sewi in the following sentences : 

I. StreI^th is measured by rigidity. 

a. MildE^ is measured by the ratio of the elasticities. 

3. Ibeharder vaxietyof ^esamesubstance b thenmre brittle. 
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In £ni|;lish these are propositions with a semblance of t^h. 
The technical lai^age should elaborate and refine the colloquial, 
and the first word in each sentence admittedly relates to a 
property of great importance; technology, however, cannot 
adjudicate, as the words employed have no fixed place in the 
tewnical vocabulary. 

Lloyd’s, the Engineering Standards Association, and other 
authorities, appear to have had difficulty in formulating an 
adequate specification of the “ action ” which constitutes the 
basis of the more important tests, and the less important ones 
are nowhere authoritatively defined ; the " reactions ” have 
been seen to be expressed in irrational terms, and most of the 
“ tests ” are applicable only to a very restricted range of solids. 
In these circumstances it is not surprising that only a few local 
and empirical relations have been found between the several 
test reactions. Nothing more, indeed, seems to have been 
looked for, and the most powerful instrument of progressive 
thought—induction—is thus lost to mechanics. “ Test ” 
records will join those of alchemy, and will not be preserved 
by our successors. 

The lack of mechanical discriminants of a satisfactory 
kind has led to the adoption of distinctions in other—and 
really irrelevant—categories. An engineer is concerned in 
how a tool cuts, and not in what it contains, but engineering 
specifications usually include chemical clauses. A metallurgist *8 
main concern should be to comply with specified mechanical 
requirements, but metallurgists rely largely on a merely descrip¬ 
tive science—a kind of metalline botany—in which appearances 
are only empirically connected with the realities of mechanics. 
Metallography, like chemistry, is indispensable to process- 
control in a facto^, but photographs of speckled discs are 
inadmissible as evidence of things purely.mechanical. 

Microscopical study, however, has greatly increased opr 
knowledge of solids, and it has long been recognised that a 
normal solid body is a “ foam-structure ” of the kind described 
by Quincke ||i], comprising a collection of irregularly shaped 
crystaIJine, vitreous, or " intermediate ” masses, commonly of 
diverse size and composition, and separated by of a 
different material, which, in metallic soUds, is usually vitreous. 
When such a body is deformed without fracture the deformatkai 
must be shared, without fracture, W all the components. Sir 
James Ewing and Dr. Rosenhain [2} discovered that the film 
visible indication of internal damage was usually a slipping— 
in parallel planes—of certain individual crystals. A difiS^ 
type of damage—separation of adjoining ciystals-r-was dia- 
covoed later. 

Knowledge of the simple materials found in metalMc loam- 
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tisructures stands as follows. Sir George Beilby [3] devoted 
{Mtrticular attention to the vitreous components, whose forma- 
tion seems to be a special example of the phenomenon called 
dilatancy [4]. Purely vitreous metals, however, have not 
yet been made in masses large enough to permit of the quanti¬ 
tative ascertainment of their properties. The study of the 
mechanics of crystals was begun by Herr Voigt some forty 
years ago, but, as regards metals, this work is almost irrelevant, 
as the crystals examined were all of the brittle " mineral “ 
variety. Ductile crystals—of ice—^were studied by Mr. J. C. 
McConnel [5] at about the same time, but substantial knowledge 
of them dates from 1923, when Prof. Carpenter [6] produced 
aluminium crystals of a size convenient for mechanical experi¬ 
ments. Only a few kinds of metallic crystal have yet been 
examined ; their properties are surprising, but it is not now 
necessary to consider them. It is sufficient to emphasise that 
—^from the point of view of rational mechanics—^practically 
nothing is known of any of the simple bodies which are contained 
in ordinary conglomerate solids ; nothing is known of the 
attachments between these simple bodies, and the spatial rela¬ 
tions of a distorted foam-structure are quite beyond the reach 
of mathematics. To attempt, in this roundabout way, to 
arrive at the mechanical properties of composite solids would 
be merely fantastic, and it is clear that descriptive metallo¬ 
graphy can have no practical bearing on the measurement of 
solidity. All the non-mechanical properties of solids are 
customarily measured without any reference to the details of 
foam-structure. 

In regard to the bearing on our subject of recent work with 
the X-ray spectrometer, it may be observed that, when suffi¬ 
ciently large crystals are available, their mechanical properties 
—^them solidity—can be ascertained by direct mechanical 
experiment, and cannot be ascertained in any other way. 
The result of combining a knowledge of crystal solidity and of 
the atomic arrangement which gives rise to it would be a further 
knowledge of the properties of atoms. The consequences of 
siKffi further knowledge can scarcely be foreseen, but one inter¬ 
esting result would be an indication of how far our present 
solids fall short of the best that could be constructed with the 
atoms available. 

Mathematical analysis is not altogether baffled by com¬ 
plicities in its subject-matter, and, as may be seen in ^e 
science of thermodynamics, it is often possible to deal with 
probabilities and averages, although individual incidents are 
tmknown or even unknowable. The thermodynamics of solids 
is ill-developed. Physical science can naturally make no use 
of the kind of measurement which is ffivoured by tedmology. 
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And science has been obliged to proceed independently; giving 
vrhat it can to industry and getting nothing in return. The 
finer shades of solidity which are of primary technical im¬ 
portance are of only secondary interest to physicists, to whom 
the subject is thus both difficult of approach and without My 
special attractions. The thermodynamic theory of solidity, 
in its present form, covers little more than the relations between 
the properties of atoms and those of solid bodies composed of 
atoms of one kind. Rigidity—^the essential property which 
distinguishes solids from other bodies—^has only a small place 
in the theory, and mildness—or capacity for gross distortion— 
has no place at all. A panoramic view facilitates detailed 
survey, but such a view has not yet been obtained. 

The thermodynamic theory, as now developed, is a science 
of origins and thus foreign to our purpose; thermodynamic 
data, however^ suggest some interesting conclusions. It has 
been found that many of the mechanical properties—and even 
test reactions—of elementary solid bodies resemble their 
chemical and other properties in being irregular periodic 
functions of the weight—or serial number—of the atom con¬ 
cerned [7]. Things which are periodic functions of the same 
thing may well be simple non-periodic functions of one another, 
and the expectation is confirmed, for example, by the supposed 
proportionality of atomic heat and thermal expansion [8]. 

It has been found also that, for solid bodies generally, the 
coefficient of expansion is closely related to resistance to 
mechanical distortion [9]. If a number of bodies be ranged 
in order of “ hardness ” they are found to be in inverse order 
of expansion ; the harder variety of one and the same substance 
expands less than the softer ; crystals harder in one direction 
than another expand correspondingly ; all normal solids become 
softer, and expand faster, as their temperature rises, and become 
harder and contract less as the temperature falls. The relation 
is independent of the kind or kinds of atom concerned, and of 
the |)h3rsical cat^ory of the body. It thus appears, as was 
prembra in the introduction to these notes, that relations do. 
In fact, subsbt between what seem to be wholly unconnected 
elements of solidity. The atoms and molecules ftliininate 
themselves from these relations, and solidity thus appears to 
be distinct from substance in a wider sense than is recognised 
in the current doctrines of isomerism and polymorphism. 
It further appears that solidity, when analysed, may become 
a convenient basis of physical reference, and that qualities now 
regarded and written as attributes of substance may moi« 
conveniently, and more properly, be regarded as attributes 
of solidity. Yet other ^uahties may be best considoed as 
arising jointly from solidity and substance. 
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Solidity is a matter of concern to all who are interested in 
the contemplation, production, employment, and enjoyment of 
solid bodies ; to scientists, manufacturers, engineers, and the 
public. Its assessment in terms of ** blows" " bends," and 
kindred quantities has not been justified by results. Tests of 
this kind yield only casual information relating to the body 
tested, and such scraps of information neither constitute nor 
lead to knowledge of solidity. The rise of the chemical and 
electrical industries shows that a little knowledge is more 
useful—and more " practical "—than libraries oi desultory 
information. 
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HYDROGEN ION CONCENTRATION AND 

GROWTH 

By W. H. PEARSALL. D.Sc„ FX.S, 

Reader in Botany, University, Leeds 

In spite of the importance of growth to the biologist, advance 
in our knowledge of this subject has necessarily been somewhat 
retarded on account of the complexity of this particular field 
of physiology. The changes incidental to the appearance of 
growing cells in plant tissues have recently, however, received 
a good deal of attention, and the results of the work already 
done tend, tentatively at least, to certain conclusions which 
appear to have wider applications and may well prove to be 
of general interest. As far as plant tissues are concerned, 
the subject is difficult of attack, because of the extreme 
impermeability of the actively growing tissues of higher plants, 
from which most of our knowledge is derived ; and it is almost 
impossible to examine their properties in the living state. 
In contrast to the cells of normal tissues, the dividing or 
meristematic cells appear to consist of dense masses of proto¬ 
plasm with relatively large nuclei and few or no vacuoles. 
When growth is initiated in normal tissues the same type of 
meristematic cells appears. This appearance of growing 
tissues in higher plants can often be induced by wounding, 
and Priestley and Woffenden [34] have shown that the sequence 
of changes m cut potato tubers follows the liberation of fatty 
acids at the cut surface, which leads ultimately to the formation 
of an impermeable suberin layer and the blocking of the 
wound sunace. Behind this cut surface there appears a row 
of dividing cells, the cork cambium, which give off to the 
outside rows of cork cells. The development of these non- 
vacuolated dividing cells from the normal vacuolated tissue 
appears to involve the removal of water, since it is due to 
the disappearance of the aqueous solution in the vacuole. 
It may reasonably be postulated that growth or protoplasmic 
synthesis resembles most other synthetic processes in plants in 
being a condensation of two relatively simple substances. 
A and B, to form a third more complex substance, C, ana 
water. Banging to this type of reaction are the synthesis 
of peptides from amino-adds, of polysaccharides from simpler 

ss 
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sugars, and of glucosides from their constituents. The reactions 
are reversible and the equilibrium between the four reacting 
substances would be expressed by the equation; 

K (a constant) 


It is clear from this that the concentration of water present 
could be used to control the direction and equilibrium of the 
reaction. If the concentration of water were reduced, the 
concentration of C would tend to be increased, and vice versa. 
Thus, if our test-tube knowledge of chemistry can be applied 
to the living organism, it would seem that elimination of 
water from non-growing cells might well lead to an alteration 
in the protoplasmic equilibrium in the direction of synthesis. 
It must, of course, be recognised that such a synthetic process 
might localise in definite metabolic centres in the protoplasm, 
and it might then proceed even though the whole cell contained 
a considerable quantity of water. 

An attempt has been made by Pearsall and Priestley [33] 
to suggest a mechanism which would allow of the removal of 
water under the conditions observed in growing plant tissues. 
In the cork cambium of potatoes, for example, the liberation 
of fatty acids at the cut surface causes a considerable increase 
in hydrogen ion concentration, and the pH value of the outer 
cells may fall to between pH 3 and 4. The sap reaction of the 
normal tissue is about pH 5’6. Similar effects are observed 
in other cases of cork cambium formation, and the actual 
dividing cells in all these cases lie on a gradient of hydrogen 
ion concentration, between the observed extremes. In addition, 
the inner cambium of flowering plants is similarly developed 
between the acid sap of the wood elements, usually about 
pH 4 to 5, and the alkaline phloem, which commonly has a 
reaction of pH 7 or more. Pearsall and Priestley therefore 
suggest that one of the essential conditions for the development 


of dividing cells in normal non-growing tissues is the develop¬ 
ment of a gradient of hydrogen ion concentration such that 
^ protoplasm or its principal proteins can be reduced to an 
iso-eiectric condition. As shown by Loeb [20], this is the 
point at which proteins show minimum swelling, minimum 
osmotic pressure, maximum precipitation, and least viscosity. 
Since the bo-electric point of a riven protein occurs at a definite 
hydrogen ion concentration, departures from this hydrogen 
ion concentration cause increased swelling, solubility, etc. 
It may tha*efore be assumed that if the protoplasm or the 
principal proteins in a tbsue were made approximately bo» 
electric by an alteration in hydrogen ion concentration, then 
tihey would tend to lose water to adjacent media of oi^er 
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osmotic potential, and as a result the condition in the proto¬ 
plasmic or protein aggregate would favour synthesis as suggested 
above. Since proteins are least soluble at the iso-^ectric 
point, the formation of additional protein would be favoured 
at this point by the removal of the end products of the reaction, 
protein being least soluble and water most easily removal. 
The effect of precipitation of the end product of a reaction 
upon the rate at which the reaction proceeds is well known. 
It is illustrated in the case of the synthesis of protein-like 
substances by the Danilewsky reaction, in which “ plasteins ” 
are formed from protein degradation products by enzyme 
action [see Effront, 7]. Wasteneys and Borsook [43] have 
recently restated and confirmed the evidence for regarding 
this reaction as protein synthesis, and it is significant that 
they find the reaction to proceed most rapidly about pH 4*0, 
which is about the reaction at which most proteins are 
iso-electric. 

The theoretical basis for regardii^ the iso-electric point 
as one favourable for protein synthesis m the living protoplasm 
appears to be fairly satisfactory, but further evidence is 
required as to the conditions obtaining in the growing regions 
of the living organism. We require to know the range of 
hydrogen ion concentration in which growing cells occur, 
and the effects of alteration of hydrogen ion concentration 
within this range upon the protoplasm. Further, we require 
to know the iso-electric points of representative proteins, and 
also that of the protoplasm, if different from that of its con¬ 
stituent proteins. So far as the two cases of growth initiation 
discussed above are concerned, the critical range of hydrogen 
ion concentration appears to lie in plants approximately 
between pH 4*5 and 5*5. Somewhat similar results are obtained 
from the consideration of the apical growing regions of plants. 
In stems there is a superficial layer of growing cells next to 
the cuticle, which is usually markedly acid, pH 3*5 to 4*5. 
The ground tissues are usually between pH 5 and 6. Other 
groups of growing cells farther inside the tissues develop 
around the ends of the xylem, which has usually an acid sap, 
pH 4 to 5. The r^ons of the root meristems show similar 
reactions, and it is noteworthy that when lateral roots develop 
they do so outside the xylem, with its markedly acid reaction, 
and not opposite the phloem, which is relatively alkaline , 
The evidence for the higher plants is clearly consistent with 
the view that the surroundings of the dividing cells have 
usually a reaction of about pH 4*5 to 5*0, as against the normal 
tissue reactions of pH 5*5 to 6*5. The impomeability of the 
dividing cells roidox a more precise statement impmsible. 

The iso-electric points of a number of representative proteins 
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are known, and there are also a few observations on micro- 
oi^anisms. These are given in the following table, slightly 
amplified from Pearsall and Ewing [30] : 


pH VALUES 

OF ISO-ELECTRJC POINTS 


Beans and Peas 

, 

pH 

♦Spinach: spinacin [5] 

4 *o- 4*6 

Vkain 

, 

3-4 

Tomato: globulin . 

4-0 

Legumin 

• 

4 - 4 - 4-6 

Edestin (hemp) 

5-6 

’^Legumelin . 


4-2 

Yeast: cells . 

3 I- 3-3 

Wheat: 



0 globulin 

4*6 

Glutenin 


4 - 4 ~ 4-5 

albumin 

4*6 

Gliadin 

, 

3 - 5 -* 5-5 

♦Nitella extract « 

4 « 6 - 4-7 

^Leucosin 

, 

4*5 

Bacterium coli 

3 *a 

♦Potato: tubcrin 


4*4 

Bacillus of rabbit septicaemia 

4 ‘a 

♦Carrot: globulin « 

• 

4 - 1 - 4-4 

B. typhosus • 

3*5 


It will be noticed from the above table that most of the 
vegetable proteins have iso-electric points about pH 4*5. 
Particularly is this so when the proteins are present in quantity 
in active tissues, and hence are probably physiologically active 
and not merely storage forms. These " active " proteins 
are asterisked in the table. In the case of the alga Nitella, 
It is possible to extract from it a suspension of fragments of 
protoplasm, which is iso-electric in the same region about 
pH 4‘6 to 4*7. In yeast, however, the iso-electnc point of 
the suspended cells is about pH 3*2 (by precipitation and 
cataphoresis), while the principal proteins known from yeast 
are iso-electric at pH 4*6 [Fodor, 10 ; Luers and Schuster, 21]. 
In this case, therefore, the iso-electric point of the organism 
is not the same as that of its chief proteins, and it is accordingly 
impiortant to determine in which region the growth optimum 
occurs. According to Mr. F. A. Mason, of Leeds, yeast multiplin 
most rapidly between pH 4*6 and 5-0, i.e. near the iso-electric 
point of the proteins present. It may be of interest to note 
also that according to Rona and Grassheim [37] yeast respires 
most rapidly between sharp limits of pH 4*5 and 6’6. 

So far as the higher plants are concerned, the relation 
between the iso-electric points of the chief proteins and that 
of the protoplasm remains unknown. Indications, however, 
exist wmch suggest that the two types of iso-electric points 
occur at similar hydrogen ion concentrations. From the 
effects of salts in acid and alkaline solutions, Endler [8] con¬ 
cluded that the iso-electric point of Etodea protoplasm was 
in the r^on pH 3*8 to 4*i. From the swelling curves of 
potato tissue, Robbins [36] assumes a point of imnimum 
stalling between pH $•$ 1 ^® regards this as the 

iso-electric point of potato. There are, however, a number 
swelling minima in such tissues at different pH values, 
and as Robbins only worked with a limited pH range his 
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results do not settle the question. There is, in fact, a point 
of minimum swelling in potato about pH 4*5 [31], and in 
view of the fact that about 85 per cent, of the nitrogen in 
potato is extracted as tuberin, which has an iso-electric point 
at pH 4*4, there is no reason, at present, to assume any other 
iso-dectric point for potato protoplasm. The difficulty of 
obtaining protoplasm from the higher plants makes it necessary 
to consider indirect methods of tackling the problem. The 
protoplasm of most normal plant tissues behaves as an anion, 
that as though it were an ampholyte on the alkaline side of 
its iso-electric point. It therefore stains most readily with 
basic dyes, i.e. dyes in which the dye is a colour base. Between 
pH 3 and 4, however, it stains more readily with acid dyes, 
i.e. salts of a colour acid, and therefore under these conditions 
it reacts as a base [31] and as though it were on the acid side 
of its iso-electric point. ' This statement appears to be correct 
for potato (see abo Robbins, loc. cit.), beans, and wheat, the 
proteins of which have also been examined (see Table). Heat 
coagulation of protoplasm is produced most rapidly in slightly 
acid solutions, mostly slowly in slightly alkaline solutions 
[Lepeschkin, 18, 19]. In this it resembles in a very striking 
manner the vegetable albumins, like leucosin, and in these 
heat coagulation takes place most rapidly at the iso-electric 
point. Addoms [i] has examined the effect of acid solutions 
upon the protoplasm of wheat root-hairs under dark-ground 
illumination. It was found that solutions more acid than 
pH 4*0 caused the protoplasm to become markedly more 
mnular, while the granules tended to coalesce. The observed 
facts suggest the precipitation of proteins at or below the 
iso-electric point, and this explanation appears to be the more 
probable as leucosin, the physiologically active protein of 
vffieat, has an iso-electric point at pH 4*5. It is probable 
that any solution of higher ion concentration than the iso¬ 
electric point would produce this change under the conditions 
of the experiment, as the solution could not enter instanta¬ 
neously, and would therefore only gradually change the reaction 
of the protoplasm, causing gradual precipitation of the proteins. 
If, as in this case, precipitation is produced in protoplasm 
in the vicinity of pH 4 to 4-5, it ought to occur, to some extent 
at least, in meristematic tissues, if these are approximatdy 
iso-electric. The observation of Tupper-Carey and Priestly 
[41], that protein occurs in the walls of plant dividing cefls, is, 
therefore, very significant, especially as this protein tends to 
disappear (? to be redissolved) as the ceib differentiate. 

Permeability effects give similar indications. In potato 
and carrot, the permeability of the protoplasm to cntorine 
ions markedly increases at or below the pH value at which 
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the chief proteins are iso-electric [31]. In Nilella, this change 
in permeability, noted by Hoagland and Davis [14], coincides 
with the iso-dectric point of the protoplasm [31]. The 
available evidence therefore suggests that in most cases the 
iso-electric points of the protoplasm is similar to that of the 
proteins extracted and lies between pH 4 and 5. The proteins 
m the protoplasm are therefore normally on the alkaline side 
of this region, since the plant sap has usually a higher pH 
value. They would thus behave as anions to dyes, and they 
would migrate to the anode under the influence of an electric 
current. Meier [23] has shown this to be the case with the 
living roots of Canadian field pea. Particles in the protoplasm 
moved to the anode. It is of interest to note that this move¬ 
ment was only observed in non-growing tissues, not in the 
dividing cells. This suggests that the growing tissues are 
approximately iso-electric. It is not possible at present to 
attach too much significance to this interpretation, as, in 
view of the apparently dense nature of the protoplasm in 
the dividing cells, partides may not be free to move under 
the forces applied. 

The available evidence derived from plant tissues has 
been treated at some length above, because the problem is 
not easily tackled experimentally. The growth of a plant 
involves not merely cell division, but also the subsequent 
extension and elongation of the cells, processes which are 
obviously favoured by different factors. Pursuing the analog 
with ^proteins, the farther the hydrogen ion concentration is 
from the iso-electric point, the more rapid water absorption 
and extension will be. This two-fold nature of growth is very 
dearly demonstrated by Freund [12] for the alga (Edogonium. 
In fow solutions of varying concentrations, insufficient supplies 
of food material may retard mitosis, while higher concentrations 
favour mitosis but stop or hinder cell extension—^presumably 
because the cells are unable to absorb water from the 
osmotically concentrated solutions. 

Growth must also be dependent not only upon the actual 
83mthesis of protoplasm, but also upon the other metabolic 
activities of the tissues. Unless these can proceed rapidly 
the growth of the whole plant may be limited. F. F. Blackman's 
reference to growth as the finished product of the metabolic 
loom ” is a sin^larly happy expression of this fact. Strictly 
speakii^, therefore, an attempt to relate growth to hydrogen 
ion concentration should also consider the effect of this factor 
upon other metabolic activities, an unprofitable proceedii^ 
to the present state of our knowledge. There is, however^ a 
ottle evidence showing the effect of hydrogen ion concentration 
i^pon the activity of some typical plant enzymes. It is probably 
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also safe to say that if in nonnal tissue the proteins behave 
as anions, then normal metabolism is unlikely if the acidity 
of the tissue is increased to a higher value than that of the 
protein bo-electric points. Such treatment is known to alter 
the proportions and quantities of different ions which may be 
absorbed, and hence it will indirectly affect growth. Since it 
also leads to death of the tissue [31] by protoplasmic precipita¬ 
tion, it might be anticipated that growth will proceed most 
rapidly slightly on the alkaline side of the iso-electric point. 
It b found in practice that the lower pH limit of growth is 
quite close to the iso-electric point of constituent proteins. 
Thus in wheat, retardation of root growth occurs in culture 
solutions of pH 4*1, according to Salter and McMvaine [38]. 
Web [45] finds that wheat (and barley) only grow well in 
culture solutions if the pH value exceeds 4*5. Bakke and 
Erdmann’s results [3] show that no good growth of wheat b 
experienced if the culture is below pH 4-3. The effect of 
higher hydrogen ion concentrations on the protoplasm of the 
same variety of wheat has already been considered [Addoms, i^. 
With broad beans a similar result has been obtained in this 
laboratory. Root growth is markedly reduced at or below 
pH 4*2, ».«. just below the iso-electric point of two of the chief 
bean proteins. Reference has already been made to the 
simpler case of yeast cells. 

In regard to the relation of hydrogen ion concentration 
to enzyme action, the limited data available is very suggestive. 
The optimum for the proteolytic activity of papain occurs 
between pH 4 and 5 [Frankel, ii]. Malt protease is most 
active at pH 4-6 [McClendon, 24], and malt peptase at pH 3*7 
to 4*3 [Lundin, 22]. The sucrolytic action of bananas is most 
rapid about pH 4 to 4*5 [Falk and McGuire, 9], while bean 
dwydrogenases show optimum activity between pH 4 and 5 
[Lehmann, 17]. The oxidases, however, are most active in 
alkaline media \e.g. Raper and Wormall, 35], While the 
amylases are, as a rule, most effective about pH 5 to 5*4 
[Sidberg, 40]. On the other hand, the two latter types <rf 
enzyme do not apparently play an important part in the 
plant-growing points. It is interesting to note that proteases, 
sucrase, and dehydrogenase may show maximum activity at 
reactions akin to those of the growing points. One remaining 
line of advance is possibly worthy of mention. Rapidly growing 
tissues are often dbtinctly more add than the mature or 
non-growing orgaps. Two examples indicate the sort of 
evidence available. Atkins [2] states that unripe bananas 
have a hydrogen ion concentration of pH 4*6 to 4*8, wink 
ripe (».«. non-growing) fruits are at pH 5*6 to 6'0. Hie reverse 
may occur in dormant seeds. Pack [29] finds that during rite 
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period of after-ripening in juniper seeds, the pH value of 
embryo falls from between pH 8*8 and 8*4 to pH 4*4 to 6*o. 
in ninety days. The embryo will grow only under the latter 
conditions. It is of interest to note that the water content 
of the embryo decreases slightly during this change in hydrogen 
ion concentration, and both facts assume greater significance 
in view of the previous evidence which has been considered. 

Weber [44] has recently reviewed the subject of growth 
initiation at some length, and while he accepts the hypothesis 
of Pearsall and Priestley, he prefers to state it in a broader 
planner, viz. that cell division is associated with alterations 
in colloidal state of the protoplasm and that alterations of 
hydrogen ion concentration affect colloidal state. This wider 
statement is, in the present state of our knowledge, probably 
more judicious. Thus, to take a single example, many plant 
tissues show several pioints of minimum swelling at various 
hydrogen ion concentrations, in addition to that at the iso¬ 
electric point [31]. Weber points out that there is much 
evidence relating the viscosity of protoplasm to various growth 
factors and to external conditions. In Haberlandt’s experi¬ 
ments on restarting cell division in Pelargonium epidermis, 
the cells in the dividing state have rounded nuclei, though 
otherwise the nuclei are spindle shaped. Both Schwarz (1892) 
and Nemec [28] have suggested that embryonal cells have 
rounded nuclei because they are more liquid and therefore 
offer less resistance to surface tension. KUhne pointed out 
that amceboid cells round off prior to cell division, and that 
nuclear and cell division is associated with relative changes 
of volume and of water content of the different cell components. 
Chambers [4] and Kite [16] analyse the viscosity changes in 
sea urchin (^s. Changes of colloidal state are, therefore, quite 
characteristic of developing embryonal cells. There is, more¬ 
over, some evidence that the factors affecting viscosity will 
also affect cell division. • Thus Heilbrunn [13] found that the 
concentrations of narcotics affecting cell division were the same 
as those affecting viscosity. The effects of hydrogen ion 
concentration do not appear to be carefully worked out as yet, 
ahhoueh they may perhaps be inferred from the known effects 
of carbon dioxide. This substance is apparently produced 
at varying rates during mitoses, and most rapidly when the 
cytoplasm divides. Jacobs [15] was able to show that in 
fwamoBcia, colpidia, and Aroacia eggs (as in Spirog3rra cells) 
shmt exposures to CO, decrease the protoplasmic viscosity 
and longer exposures then increase it. While both changes 
are reversible at first, prolonged exposures lead to irreversiue 
coagulation. McQendon and Mitchell [26] found that artificial 
paithenogenesia could be induced in sea urann eggs by exposure 
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to CC\ for short periods. There was increased permeability 
on the formation of the membrane [McClendon, 25]. Moore [27] 
has pointed out that cytolysis in sea urchin eggs is assodatra 
with increased fluidity (t.«. decreased viscosity) and increased 
permeability. Now in trout e^, according to Scheminsk^ [|9], 
the ^g ampholytes are anionic. If sea urchin eggs are simmstr 
in this respect, all the phenomena mentioned above might be 
associated with the changes in colloidal state following approach 
to the iso-electric condition. The effective action of CO| 
mi^ht be due to the changes in hydrogen ion concentration. 
It IS of great interest to notice that the most effective method 
of producing artificial parthenogenesis resembles that mentioned 
above in the use of an acid medium. Loeb exposed sea urchin 
eggs for a varying time to treatment with 2*8 c.c. of o*i M 
butyric acid in 50 c.c. of sea-water. The eggs were subsequently 
transferred to hypertonic sea-water. It may be su^ested 
that the physiological effects of this treatment in starting 
growth are as follows : (i) The formation of a membrane as 
suggested by Loeb, (2) bringing the protoplasm or its constituent 
proteins near to the iso-electric point or to a point of minimum 
swelling, withdrawal of water by means of the hypertonic 
solution. The effect of butyric acid would then fall in line 
with that produced by carbon dioxide. It is, of course, probable 
that other factors might produce similar effects, and it is by 
no means certain that CO^ is effective only through its effect 
on hydrogen ion concentration. According to Clowes and 
Smith COi is much more effective in altering the rate of 
cell division than mineral acids, and this effect is not related 
to the hydrogen ion concentration. They suggest that (X)* 
is more soluble than mineral acids in organic compounds, and 
hence is relatively more effective. They find that hydrocmoric 
add has little effect on cell division between pH 5 and 8, but 
retards it markedly below pH 4*6. Similar'results are obtained 
by Vies, Dragon, and Rose [42], who also note that when 
growth ceases the protoplasm becomes granular. \^Tiile the 
data as a whole do not permit of any final conclusion, they 
are of great interest when compared with those for plants, 
and suggest that this question would repay further examination. 
The whole field which has been briefly surveyed in this papor 
is one of the most interesting with which the modem bicM^st 
is confronted. 
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THE MAGNIFICATION OF ACOUSTIC 
VIBRATIONS BY SINGLE AND DOUBLE 
RESONANCE 

By E. T. PARIS. D.Sc., F.Inst.P. 

Experimental Officer in the Signals Experimental Establishment, Woolwich 

The problems which engage the attentions of investigators in 
acoustics may generally be placed under one or other of three 
headings, according as they refer to the production, transmis¬ 
sion, or reception of sound. The first of the groups so formed 
is concerned with the mechanism of sound-sources, the second 
with the transmission of sound-waves through the atmosphere 
and other media, while the third has reference to the means 
by which we are able to detect and record sound-waves and to 
measure their anmlitudes and wave-lengths. It is with one 
of the problems of the third group, relating to the employment 
of resonance with certain types of sound-receiving apparatus, 
that it is proposed to deal in the present article. 

Existing sound-receiving instruments may be divided into 
two classes according as they are intended for the reproduction 
or recording of speech and musical compositions, or for purely 
scientific purposes such as the measurement (or comparison) 
of the amplitudes of sound-waves. Examples of the first 
class are the microphones used in telephony and “ wireless," 
and the apparatus employed in the manufacture of gramophone 
records. In this class, also, we have instruments intended for 
the examination of wave-form, such as the phonodeik of 
D. C. Miller [i].* One of the principal requirements of such 
instruments is that they shall be capable of giving a uniform 
response over a wide range of frequencies. Resonance is to 
be avoided, for its existence implies that some sounds will be 
recorded more vigorously than others, so that the reproduced 
sound (or wave-form) will not have the same character as the 
original, and may, in fact, be very different. As the removal 
of all traces of resonance is generally impossible, it is usuid to 
attempt to overcome this difficulty by making the resonance 
frequencies of the instruments either much higher or much 
lower than any that are likely to occur in the received sound. 

* The niimben in brackets refer to the notes and references at the end 
of the article. 
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In instruments of the second class, on the contrary, tuning, 
or resonance, is generally an advantage. One reason for this 
is that, in experiments involving the measurement of sound* 
amplitudes, it is usually desired to concentrate attention on 
some particular wave-length, and the most convenient way of 
doing this is by employing a receiving instrument tuned to 
the frequency of the tone on which observations are to be 
made. A tuned instrument, moreover, has the advantage 
that it is less susceptible to disturbances by stray sounds—an 
important consideration when it is remembered that many 
acoustical experiments are necessarily conducted in the open 
air or in buildings the walls of which provide but an indifferent 
protection against unwanted noises. 

The special advantage, however, of tuned reception lies 
in the very large “ magnifications ” which are obtainable by 
the employment of resonance. One of the principal difficulties 
in the way of making accurate quantitative measurements of 
acoustic phenomena is due to the minuteness of the motions 
and pressure-variations occurring in sound-waves, but the 
magnification of these by means of a resonator renders it possible 
to construct instruments in which the effects to be observed 
are comparatively large and easily measurable. The type 
of instrument here contemplated consists of two essential 
parts—a tuning device or resonator, and a sound-detecting 
device or detector. It is the function of the resonator to 
select sounds of a particular wave-length and to magnify the 
motions or pressure-variations to such an extent that they may 
be easily recorded by the detector. The last named is exposed 
to the magnified acoustical effects and translates them into 
terms of some easily observed quantity, such as the deflection 
of a light moving part, a change in ohmic resistance, and so 
on. Typical detectors are the hot-wire microphone grid and 
the Rayleigh disc. In the former it is a change in ohmic 
resistance which is observed, while in the latter it is the rotation 
of a small circular mirror suspended by a fine quartz fibre. 

It is evident that the magnification of acoustic vibrations 
(whether motions of the air particles or pressure-variations) 
obtainable by the use of a resonator is an important element 
in'determining the effectiveness of tuned receiving instruments. 
We will therefore consider the principal factors affecting 
ma^fication in some welUcnown instruments, beginning, as 
an Introduction, with the simple case of the resonator as used 
aurally by Helmholtz in his classical work on the quality of 
musical notes. 

The type of resonator used by Helmholtz—generally 
Imown as the “ Helmholtz resonator ”—consists of a spherical 
or ^lindrical vessel (the exact shape does not matter) in which 
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tMfre is a single orifice providing communication between the 
interior of the vessel and the outside air. One of the forms 
used by Helmholtz—spherical in shape and having an orifice 
with a short neck—is shown diagrammatically in Fig. i. 
The air in such a vessel has a natural frequency of its own, 
and the natural tone is easily elicited by tapping the sides of 
the vessel or blowing across the edge of the orifice. When 
the resonator is exposed to sound-waves having the same 
frequency as that of its own natural tone, the air in the orifice 
is set into sympathetic vibration, and moves with an amplitude 
which is many times greater than that of the original sound¬ 
wave. Similarly, the fluctuations in pressure inside the 
resonator, corresponding with the movements of the air in 
the orifice, are many times greater than those in the sound¬ 
wave, so that if the ear is placed in communication with the 
interior of the vessel, the particular tone to which the resonator 
responds is heard with increased loudness. It was in this 
way that Helmholtz used the resonator, 

0 the communications with the ear being by 
M way of a small nipple shown at N, Fig. i. 
The resonator, together with the ear ap¬ 
plied to the nipple, constitutes a tuned 
receiving instrument in which the ear plays 
the part of the detector. 

In order to form some estimate of the 
_ . . assistance which such a device gives to the 

**"*’'m^ it is necessary to refer to the simple 

Heimaoit*. Helmholtz resonator. This 

theory is well known and is given in most textbooks on Sound, and 
a very brief recapitulation will suffice for our present purpose. 

Let dqjdt be the instantaneous current of air (c.c. per 
second) in the orifice—directed inwards—rand let L be the 
length of the neck. Then the rate of change of momentum 

in the orifice is p being the density of air. In order 

to obtain the equation of motion, this quantity must be equated 
to the force acting on the air in the orifice due to the rise of 
pressure dp inside the resonator caused by the introduction 
of the extra volume of air q. If «r represents the cross-sectional 
area of the neck, this force is - tr.dp. The changes of pressure 
corresponding with the movements of the air in the orifice 
are assumed to take place adiabatically, and accordingly 
dp - - cfipiqlQ), where a is the velocity of sound in air 

and Q is the internal volume of the resonator. The equation 
of motion of the air in the orifice is thus : 




(I) 
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Actually, the motion of the air is not confined entirely 
to the oiince, but extends for a little way both inside and 
outside the resonator. The momentum of the moving air as 
given above is therefore underestimated, but a correction on 
this account can be made by adding to the length L, another 
length o, called the “ end-correction.” For a cylindrical 
orifice of radius R, Rayleigh has shown that the end-co^ection 
^for each end) is o*8 R if there is a flange, and 0*6 R if there 
is no flange. Generally one end is flanged and the other 
unflanged, so that the total correction is 1*4 R. Let L* be 
the corrected value of L, then the linear quantity (WL*) is 
constant for a given orifice. It is called the “ conductance ” 
of the orifice and is usually denoted by c and expressed in 
centimetres. Substituting c for (<r/L) in equation (1), we see 
that the frequency of the resonator is given by: 



which is the formula given by Rayleigh. Frequencies calcu¬ 
lated ^ from (2) are found to agree very satisfactorily with 
experimental values. In order to determine the motion of the 
air in the orifice due to a sound-wave of given pressure- 
amplitude, say F, allowance must be made for the dissipation 
of sound-energy from the resonator. This may arise from 
two causes: (i) From the escape of sound-energy by way of 
the orifice into the surrounding air, and (2) from the operation 
of viscous forces in the orifice giving rise to the degradation of 
sound-energy into heat. The first of these is analogous to 
the escape of energy by radiation from an electrical oscillating 
circuit, while the second is analogous to the losses due to the 
ohmic resistance of the circuit. Allowance for the losses 
from both causes can be made in the equation of motion by 
the insertion of a term proportional to the current in the orifice, 
and the final equation from which we can determine the 
forced vibration due to a pressure-variation F cos tt>/ at the 
mouth is [2]: 

^+2A^+fe»,*?-^cos w/.(3) 

where w, is written for sir X the natural frequency of the 
resonator, that is, for aVc/O- The forced vibration is thus : 
cF/p 

+ .... (4) 

It may be assumed that the resonator is exactly tuned to 
the firequency of the sound which it is desired to hear, so 
that w - to,, and the amplitude of a as given by equation (4) 
is tbaa simply cF/a/>ai«A. 
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The loudness of the sound heard by the ear depends on 
the amplitude of the pressure-variation occurring in the 
resonator. In order to obtain some idea of the advantage to 
be gained by the use of the resonator, we will define the 
“ pressure-magnification" as the ratio of the maximum 
pressure-variation inside the resonator to the maximum pres¬ 
sure-variation in the incident sound-wave. Since dp — a*p(qlQ), 
it follows that the maximum pressure-change inside the 


^ . oV cF a».F 

resonator or-JJ-. 


The pressure-magnification is 


the ratio of this quantity to F, that is, or where tt^ 


irn. 


is the number of vibrations per second in the resonant tone. 
It is thus proportional to the frequency of the resonator and 
inversely proportional to the damping factor. 

It may be noted here that there is another kind of magnifica¬ 
tion shown by resonators, namely, the velocity-magnification, to 
which we shall have occasion to refer later. As it is important 
to distinguish between the two kinds of magnification, we will 
denote the pressure-magnification by Mp and the velocity- 

magnification by Mp. Thus M, - 

To find a numerical value for M, in any particular case it 
is necessary to discover the value of h. It has previously been 
mentioned that the magnitude of h is dependent on two factors, 
namely, the rate at which sound escapes from the resonator 
by radiation, and the rate at which it is converted into heat 
by the operation of viscous forces in the orifice. In the. case 
of resonators with wide mouths the losses due to viscosity are 
small compared with those due to radiation, and in these circum¬ 
stances the value of h may be calculated by means of a well- 
Imown formula, viz. h - {irn^dza) seconds'* [3], the modulus 
of decay being the reciprocal of this quantity, i.e. 2a/7rn,*c 
seconds. Substituting this value of h in the expression for 
M, we obtain aaln^c, by means of which we can calculate how 
many times the pressure-variation inside the resonator is 
greater than the pressure-variation in the original sound-wave. 

As an example, consider the case of a resonator tuned to 
respond to a tone of 2 56 vibrations per second, and having a 
short-necked circular orifice of 3 cm. in diameter. The con¬ 
ductance of sudi an orifice is approximately equal to its 

diameter [4]. The pressure-magnification is therefore 88. 

This shows how great an increase in sensitiveness to a particular 
tone can be obtained with the help of such a simple piece of 
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Apparatus as a Helmholtz resonator. In practice there will 
inevitably be some loss of acoustical energy in the communica¬ 
tion of the pressure-changes to the ear through the nipple 
(N, Fig. i), so that an estimate of the increase in sensitiveness 
based on the above figure would err somewhat on the side of 
being too great. 

The above expression for the pressure-magnification gives 
some indication of the lines along which we should proceed in 
order to discover the best dimensions for the construction of a 
resonator of given frequency. If n, is fixed, the value of M, 
increases as c is made smaller, but it must be remembered that 
in obtaining the expression for M„ allowance was made only 
for the radiation losses from the resonator. If c is diminished 
by reducing the size of the orifice, a point is soon reached at 
which (as will be seen later) viscosity losses must also be taken 
into account. There is, in fact, a limit to the extent to which 
the orifice may be reduced, the advantage gained by any 
further diminution in the value of c being outweighed by the 
increase in damping due to viscosity. Hence, for every 
frequency, there exists an optimum value of c which, if employed 
for the construction of a resonator, will give the maximum 
value to the pressure-magnification. In the present imperfect 
state of our knowledge regarding the viscosity losses in orifices 
of various shapes and sizes, however, it is not possible to give 
any precise information concerning these optimum values of c. 

A modern application of the Helmholtz resonator to sound- 
reception is to be found in the selective hot-wire microphone. 
The resonator as used aurally after the manner of Helmholtz 
is a qualitative instrument, useful only for identifying and 
establishing the existence of tones which would otherwise be 
faint or inaudible to the unaided ear. In order to obtain 
quantitative observations it is necessary to replace the ear 
by a detector, the response of which is some function of the 
amplitude of the vibration induced in the resonator. This is, 
in effect, what is done in the hot-wire microphone invented 
by Major W. S. Tucker [5]. In this instrument a short length 
of fine platinum wire, 6 in diameter, is mounted in the orifice 
of a resonator. The wire is arranged in the form of three 
loops attached to a small porcelain bridge, the arrangement 
beine known technically as a " grid.” The grid is heated to 
just pelow red heat by means of an electric current of about 
35 milliamperes, and when hot has a resistance of 200 to 300 
ohms. Wnen the microphone is exposed to sound-wav<» in 
tune with the resonator, the vibratory motion of the air in 
the orifice cools the grid and there is a consequent drop in its 
ohmic resistance. This can be measured hy one of the usual 
standard methods (say, by a Wheatstone bridge), and {n’ovides 
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a read^ means of estimating the strength of the sound affecting 
the microphone. 

It will be seen that there is an essential difference between 
the way in which the resonator was used by Helmholtz and the 
way in which it is used in the hot-wire microphone. In 
the former case it was employed to obtain enhanced pressure- 
variations, which were then transmitted to the ear by way of 
the nipple. In the latter case the resonator is used to obtain 
increased movements of the air particles, which movements 
are recorded by the hot-wire grid. As will be seen later, it is 
the velocity-magnification (M,) which is the important factor 
in determining the sensitiveness of hot-wire instruments. 

The resonators used in the construction of hot-wire micro¬ 


phones^ are usually cylindrical in shape and have the form 
shown in section in Fig. 2. The orifice (c) in which the heated 
grid (M) is mounted is also cylindrical, and on 
account of the necessity for shielding the grid 
from accidental currents of air it is usually made 
M to quite small dimensions, a common size bein^ 

' 10 mm. long and 5 mm. internal diameter. The 

^ instrument is made in brass with ebonite insula¬ 

tion where necess^, and tuning is accomplished 
by adjusting the internal volume Q of the cylia- 
i drical body of the microphone. 

In order to understand fully the working of 
^ *• this type of microphone it would be necessary 
establish two relations, one connecting the 
uMd in hot- pressure-amplitude in the sound-wave with the 
amplitude of the vibration in the orifice, and 
** ■ another connecting the amplitude in the orifice 


with the ohmic change in the grid. If both these relations were 
known it would be possible to employ the hot-wire microphone 
for measuring the amplitude of sound-waves in C.G.S. units. 
The i^t part of the problem concerns the performance of the 
resonator and can be solved by means of the equations already 

g iven; but the second part of the problem, relating to the bO* 
aviour of the grid, still awaits a complete and satisfactory solu¬ 
tion. It is known, however, that for small amplitudes at a givM 
frequency the ohmic change in the grid is proportional to the 
square of the maximum velocity in the orifice [6], while fmr 
larger amplitudes experiments b}^ R. C. Richards [7] indicate 
that the ohmic change is a function of the maximum velocity 
only and is independent of the frequency. We see, therefore, 
that in examining the performance of the resopntor in relation 
to the sensitiveness of the instrument, it is the velocity- 
magnification (M,) to which attention must be direct^. Thw 
vel^ty-maghi&»tion may be defined as the ratio of ^ 
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dt 


maximum velocity occurring in the mifice of the resonator 
to the maximum (particle) velocity in a plane wave which is 
stimulating the microphone [8]. It is necessary to specify 
the kind of wave because it is the pressure-amplitude in the 
wave which determines the motion in the orace, and the 
relation between pressure-amplitude and particle-velocity is 
dependent on the shape of the wave fronts. 

The maximum velocity in the orifice of the resonator is 

and, considering only the case of exact tuning (a> =» t»,), 

we see from equation (4) that theory of 

plane waves of sound shows that the maximum particle- 
velocity associated with a pressure-amplitude F is Flap, The 
velocity-magnification obtainable from the resonator is there- 
cF \U _ ac 
^aphar/J \ap) 2ha' 
applicable not only to hot-wire microphones, but to other 
instruments in which a detector is placed in the orifice of a 
resonator. Such an instrument, for example, is the late 
Prof. A. G. Webster's " phonometer " [9], in which a very 
light disc carrying a small mirror is mounted in the orifice. 
T^e disc is set in forced vibration by the oscillatory air- 
currents, and the amplitude of its motion is observed by 
means of a beam of light reflected from the mirror, after the 
manner of a vibration-galvanometer. 

Comparing the value of M, with that of M„ we see that 


fore == ^^. This expression is, of course, 


^ OB ^ being the wave-length of the sound. Since 

the conductance c is equal to WL*. it follows that, for any 
particular resonator, the pressure-magnification is to the 
velocity-magnification in the proportion 2irL*/X. Now, all the 
dimensions of a Helmholtz resonator are small compared with 
the wave-length of the natural tone, so that L‘/X- is a very 
small fraction (generally between 01 and *05), and hence it 
follows that, for the same resonator, Mp is very much less 
than 

It is foimd by experiment that the values of the damping 
factor h for the rather narrow orifices used in the construction 
of hot-wire microphones are very much greater than would be 
required to account for radiation losses alone. To illustrate 
this point the case may be quoted of a resonator which responded 
to a tone of 256 vibrations per second, and which Imd a 
cylindrical orifice 10 mm. long and 4*5 mm. in diameter, 'Hie 
damping factor of this resonator, determined experimentally 
by a method which need not be described here, was found to 
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be 49 seamds"*, whereas the damping factor calculated from 

the radiation formula (h >* i* only 07 seconds"*. Thus 

in the case of so small an orifice, the radiation losses are almost 
negligible, and practically the whole of the damping must be 
attributed to the effects of viscosity. 

The expression for M, given above indicates that the 
magnification of velocities obtainable by the use of a resonator 
can be increased by reducing the cross-sectional area <r of 
the orifice. This reduction in cross-section, however, is 
accompanied by a rise in the damping factor owing to the 
greater effects of viscosity. Hence, as in the case of pressure- 
magnification, there is a limit beyond which it is no longer 
advantageous to reduce the size of the orifice. In spite of the 
adverse effects of viscosity the magnifications obtainable from 
resonators with quite small orifices are nevertheless surprisingly 
large. Thus, in the case of the resonator mentioned previ¬ 
ously with a frequency of 256 vibrations per second, we have 


«r cm.*, and A = 49 sec.-*. The value of the con¬ 

ductance c calculated from equation (2) by inserting the 
appropriate values of n, and Q, was o‘ii5 cm., so that putting 


a ■* 33,760 cm. per second, we find that M, ** =* 249. 


That is, the motions in the sound-wave are magnified nearly 
two hundred and fifty times in the orifice of the resonator. 

Although this result shows that the velocity-magnifications 
obtainable by the use of Helmholtz resonators are very great, 
it is found in practice that the sensitiveness of singly resonated 
instruments is insufficient for the requirements of some quite 
ordinary experiments. In order to procure still greater 
sensitiveness, tuned microphones are made with double instead 
of single resonators. This application of double resonance to 
sound-receiving instruments for the purpose of enhancing 
sensitiveness is due to Prof. C. V. Boys, who used the principle 
many years ago for making a very delicate Rayleigh disc 
instrument now known as the " Tonomicrometer ” [loj. 

A simple form of double resonator, called the Helmholtz 
double resonator, is shown in Fig. 3. It can be used with 
either Rayleigh disc or hot-wire grid, and consists of two 
Heln^oltz resonators in series. The sound enters through the 
orifkie of the large outer resonator Qi. The small ixmer 
resonator Qt communicates with the interior of the outa 
resonator through the narrow orifice r,. It is in this orifice 
that the detector (Rayleigh disc or hot-wire grid) is placed. 

Very little experience with singly and douUy resmiated 
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instruments u sufficient to show that the use of a properly 
tuned double resonator in place of a single one is accompanira 
by a very marked increase in sensitiveness. The construction 
01 a double resonator which will be very sensitive at a particular 
frequency is, however, by no means a simple matter. Suppose, 
for example, that we have a small resonator tuned to a fre¬ 
quency fto and that it is desired to enhance its sensitiveness 
by the use of double resonance. If we combine this small 
resonator with another larger one, also tuned to in the 
manner shown in Fig. 3, it will not in general be found that the 
sensitiveness at n, is greatly increased, although this may 
happen in special cases. It will, however, be found that ^e 
instrument is very sensitive at iwo frequencies, one of which 
is greater and the other less than The two resonators, in 
fact, when combined together, react one on the other, forming 
a coupled system with two degrees of freedom, and exhibiting 
the characteristics usually associated with such systems. The 
extent to which the two affect each other is determined by 
the relative size of the orifices c, and c,. 

If these are of comparable dimensions, [ 
the reaction between the two resonators ^ 
will be great, for it is obvious that the 

E resence of the inner resonator will then I 
ave considerable affect on the pressure- *■ 
changes in the outer one. The coupling 
in this case is “ tight.” If, on the other 
hand, the inner , orifice is very small com¬ 
pared with the outer one, the presence of 
the inner resonator has but little effect on the pressure-changes 
in the outer one, and the coupling is said to be “ loose.” 

The case of extremely loose coupling, when the reaction 
between the component resonators may be neglected, is 
susceptible to easy theoretical treatment, and the result, 
althpugh of limited application, is of some interest as it 
illustrates the idea underlying the use of double resonance for 
the purpose of obtaining increased magnification. Suppose, 
then, that the inner orifice is so small that the motions ana 
pressure-changes in the outer resonator may be regarded as 
approximately unaffected by the presence of the inner one. 
If both the component resonators are tuned to the same 
frequency the sound may be supposed to be magnified first of 
all by the outer resonator and then again by the inner one. 
Ibe magnification due to the outer resonator is that of the 

S 'e-variations in the incident wave, the maraified pressures 
produced inside the outer resonator and ^ence* operating 
inner one where the second magnification takes place. 
Thus, let M,' be the pressure-magnification ordinarily assodated 
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with the outer resonator, so that if F is the pressure-amplitude 
in the incident wave, the magnified pressure-amplitude inside 
0 , will be If the orifice Cg is a narrow one, as is 

supposed to be the case^ the radiation losses from it may be 
disregarded, since they will be small compared with the viscosity 
losses. H&ace the pressure-variation in Q, will produce an 
oscillation in the orifice c, which will have approximately the 
same amplitude as if the inner resonator alone were exposed to 
a plane sound-wave of pressure-amplitude M,‘. F. Let M,** 
be the velocity-magnification belonging to the inner resonator, 
then we see that the overall velocity-magnification due to the 
double resonator is the product . M,'*, and the advantage 
of the double over the single resonator is expressed by tm 
factor M/. 

If the above theory were strictly applicable to resonators 
used in practice, the magnifications obtainable would be very 
large indeed, since the fullest use would be made of the 
magnifying powers of both components. It cannot, however, 
be used for any but extreme cases of loose coupling, and then 
only as a means of obtaining an approximation which should 
be regarded as an upper limit to the magnification. 

In general, account must be taken of the reaction between 
the resonators, and for this pu^ose it is necessary to develop 
a more complete theory, the principal results of which may be 
briefly statra. In common with all coupled systems of this 
kind, the double resonator exhibits two resonance frequencies, 
one of which is always higher and the other lower, than the 
frequency of either component. By an extension of the 
method outlined above for obtaining the frequency of a single 
Helmholtz resonator (or by other means, such as an applicatum 
of La^ange’s equations), an equation can be derived by means 
of which the resonance frequencies of the. double resonator 
rfl-n be calculated. This equation, which was first given by 
Rayleigh in 1870 [i i], may be written in the form; 

{(m + + ♦»«*} + »*»*”•* “ o • • • • (S) 

in wluch fig is the frequency of the outer resonator, »fg Ifre 

frequency of the iimer one, and m is the ratio The roots 

of this equation, treated as a quadratic in n*, give the squares 
of the resonance frequencies of the double resonator, ft can 
a^ be shown [is] that the amplitude of the oscillations in the 
orifice cg corresponding to a pressure-variation F cos sv-nf at 
the mouth of the resonator is: 
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when Aj and A, are the damping factors associated with the 
orifices and c„ and for brevity is written for n,* + 

Hie velocity-magnification obtainable from the double resonator 
is the ratio of the maximum velocity in the inner orifice to 
the maximum velocity in the incident plane wave. If c, 
is the cross-sectional area of the inner orifice, this ratio is: 




The above equations allow us to calculate the velocity- 
magnification, say obtainable from a double resonator 

in any particular case. As an example let us consider the case 
of a double resonator made from the two resonators (tuned to 
256 vibrations per second) which have been previously men¬ 
tioned. In this case^ 'we have 
= n, = 2 56. The orifice of one 
ofthese resonators was supposed 
to be wide and to have a con¬ 
ductance of 3 cm., while the 
orifice of the other was narrow 
with a conductance of o*ns cm. 

The damping factor for the 
large orifice is calculated by 
means of the formula already 
g^ven. The damping factor of 
the smaller orifice is 49 sec.“'. 

From these values we find that 
the resonance frequencies of the 
double resonator are 232 and 
282 vibrations per second, and 
that the way in which M,“* 
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chants with the frequency of the incident wave is that shown 
in F^. 4. The magnification for a tone of 256 is not much 
greater than with the small single resonator, being only about 
389 against the previous value of 250. At the resonance fre¬ 
quencies, however, the magnification is much greater, being 
about 1,180 at the lower tone of 232 vibrations per second, 
and 1,020 at the upper tone of 282 vibrations per second. 

It is obvious that to obtain good magnification for a tone 
of 25<$ vibrations per second it would be necessary to dratgn 
a resonator having components with natural frequencies either 
both above or both below 256. 

The greatest magnifications are obtained with this t^pe 
of resonator when the coupling is loose, that is, when a condition 
it approadhed such tl^t the simple theory is applicable and 
Ma*. M,”. In tihe example quoted above, the coupling 
is fah%r j^ht, so that the resonance frequencies are well sepa- 
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rated. In order to reduce the coupling, it is necessaiv to make 
t^e orifice c, very small, and this, as explained in the Case of 
single resonance^ tends to increase the damping of the resonator 
on account of viscosity losses, so that there is no advantage to 
be gained by making the orifice less than a certain size. More¬ 
over, the fact that the detector must be mounted m the orifice 
Cft sets a limit to the amount by which it can be reduced. Much 
looser coupling can, however, be obtained than is indicated by 
the curve in Fig. 4, without seriously impairing the sensitiveness 
of the instrument. 


There is another type of double resonator which it is con¬ 
venient to use for certain purposes, in which the coupling can 
be varied in a different manner. This is the Boys pattern 
double resonator, first used by Prof, C. V. Boys lor the 
construction tof very sensitive Rayleigh disc instruments. 
The Boys resonator consists of a Helmholtz resonator combined 


with a resonator of the “ stopped-pipe ” variety, after the 
manner shown diagrammatically in Fig. 5. The detector is 

placed in the orifice of the Helm- 
y holtz resonator at c. The general 

\ [,'1 behaviour of a double resonator 

of this kind is very similar to that 
of the Helmholtz pattern, although 
the theory of its action (which 
need not be given here) is a good 

Bair, Doubie Re«,nator. deal more complicated In ord« 

to obtain sensitiveness, the stopped 
pipe must have the same resonant tone—which may either 
be the fundamental or one of the overtones of the pipe—as 
tl)p Helmholtz resonatpr. 

.Tbe way in which the coupling can be varied in this type 
of resonator is as follows: It is found that the coupling is 
closest when the Helmholtz resonator is placed with its ormce 
through the wall of the pipe at a position which would normally 
be a node. Such a position, for example, is the closed end of 


the pipe, as at A, Fig. 5. If, however, the Helmholtz resonator 
is moved away from the closed end and towards a position 
where a loop is to be expected in the stopped pipe, the coupling 
is found to be loosened, as is evidenced by the coming together 
of the resonance frequencies, while at the same time the double 
resonator becomes more sensitive. After a certain position is 
passed (approximately three-quarters of the distance from 
node to loop), the sensitiveness again falls off, and in the vicinity 
of the loop thcare is practicauy no response, although the 
coupling is very loose. These properties of the Boys resonator 
are illustrated by the curves in rig. 6, winch are resonance 
curves taken by means of a hot-wire microphone {13}. The 
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or4iiuttes are proportional to the ohmic change in the resistance 
of the grid, and hence approximately to the energy of the 
forced vibration, while the abscissae are the frequencies of the 
incident sound. The curve (a) is that which was observed 
when the Helmholtz resonator was at the closed end of the 
pipe, as at A, Fig. 5. The curve (i) corresponds to a position 
similar to B, Fig. 5, about threeA)uarters of the way to the 
first loop. Comparing (b) with (a) we see that the resonance 
peaks have come much closer together and the sensitiveness is 
much greater, although the response is over a shorter range of 
frequencies. The curve (c) shows the very small effect which 
is observed when the Helmholtz resonator is placed at a loop. 

It is seen, therefore, that if a Boys double resonator is 
used, there is this alternative 
method of varying the coupling 
so as to obtain increased sensi¬ 
tiveness. In this method there 
is no necessity for the reduction 
of the orifice of the inner resonator 
to very small dimensions, and 
thus excessive losses due to vis¬ 
cosity may be avoided. 

In addition to increased sensi¬ 
tiveness, there is another ad¬ 
vantage which a doubly reson¬ 
ated instrument possesses which 
should be mentioned here. In 
sensitive singly-resonated instru- 
mepts the tuning is necessarily 
sharp, so that any slight mistuning 
between the sound to be observed 
and the instrument itself may 
result in a considerable change in the numerical value of the 
magnification, and this may give rise to errors in the measure¬ 
ments which are being- made. Doubly resonated instruments, 
however, may be designed in such a way that the possibility 
of error on this account is to a great extent removed. 
This can be done by arranging for loose coupling so that 
the resonance frequencies are sufficiently close together for 
the trough between them, as shown in the resonance curve, 
not to fall very far below the peak values. The magnification 
for such a resonator is then approximately the same ov^ a 
short rang^ of frequencies between the peak positioip, and if 
the frequency of the sound to be measured comes within this 
rimge, the errors due to inexact tuning are greatly minimised. 
The mirye shown at (&), Fig. 6, is an example—though not a 
pari^nlaaly good one~>of mirly uniform magnification over a 

'O' ^ . 



Resonance curves for Boys double 
Resonator. 
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short range of Irequendes, in this case from about 195 to 90$ 
vibrations per second. 

Enough has now been said to indicate the general natwa 
of the problems which are being investigated in connection 
with the application of single and double resonance to the 
construction of sound-receiving instruments. The theory and 
use of such resonators is of great importance in the design of 
sensitive acoustical receivers, and the determination of the 
numerical value of the magnifkation is a necessary preliminary 
to the employment of such instruments for the measurement of 
sound-amplitudes in absolute units. For the measurement or 
comparison of sound-amplitudes, a doubly resonated instrument 
is generally to be preferred, both on account of its greater 
sensitiveness and broader tuning. 

In conclusion, it may be noted that the interest attaching 
to the problems discussed above is not confined entirely to 
acoustics. Most coupled acoustical systems have their counter¬ 
parts in electrical circuits and the same mathematical treatment 
IS applicable to both sets of phenomena. The pursuit of these 
electrical and acoustical analogies is a matter of considerable 
interest, and may be attended with results beneficial to both 
sciences. 
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SOME REMARKS ON THE CONCEPTION 
OF INDIVIDUALITY IN BIOLOGY 

Bv EDWARD PHILPOTT MtBtfFORD. B.Sc. (Viet) 

Research Student at Christas Coilege, Cambridge 

The subject of this essay was originally chosen because the 
study of the colony-forming Coelenterates had led me to seek 
after some understanding of the concept of Individuality in 
so far as it applied to Biology. I had no idea of the vastness 
of the subject, nor of its phimsophical importance. 

In September 1912 the Cambridge University Press published 
a book by Julian Huxley, late Lecturer of Balliol College, Oxford, 
on TAg Individual in the Animal Kingdom. He adopted as 
the “ minimum ” conception of an individual the possession 
of heterogeneous parts, functioning for the good of the whole, 
and independent of the forces of organic nature, an organism 
working after such a fashion that it, or a new individual formed 
from part of its substance, continued able to work in a similar 
way. Strange to say, Mr. Huxley does not refer in the book to 
the long lapse of time which had occurred since his grandfather, 
as a young man of twenty-seven, had introduced the subject 
of ** Animal Individuality ” at a lecture delivered before the 
Royal Institution,* nor does he refer to the great services which 
he rendered subsequently to philosophical Biolo^. 

Professor Huxley had su^ested that an individual animal 
Was the “ sum of the phenomena presented by a single life; 
in other words, all those animal forms which proceed from a 
sii^le eg^." The individual was, he said, represented in .the 
anm^ kingdom in various modes, modes which pass insensibly 
oae^ into the other. Such a conception would make all the 
xocnds of a g3rnmoblastic or calyptoblastic Hydrozoan, all the 
separate zooids budded off by a fresh-water Hydra, all the 
smnmer generations of the Aphis, tc^ether constitute a single 
rndividusu. Professor Huxley himself was probably qu^ 
aware of the implication, though unfortunately only orief 
SKites of the lecture were published, and he does not seem 
to have returned spedncally to the subject. 

:f *'Upen Aabbsl ibadividoidhy.’* Proeteditig$ of the Royal In^tUuRem, v6l. i. 




'tsk iilcme.u^ c^ii i>«tvi>«lime^pill;, 
’l*iiiie «u moins' des paitiot rdsiiltant 
Vie." Tremblqr, in his Mimoires pmt' 
d’un genre de Pwypea d^eau dbMcs (1744), ItatM 
s Jiydm can be cut into a considerable numbin' of pie<^, : 
BMh piece, provided both ectoderm and endoderm are 
i^ea in it, vdll give rise by growth, and r^enerathm tp a; 
ccnnplete zooid, though heretnne is a limit of size below whi^ 
fragments of Hydra will not regenerate, even if they cotthaiii 
cd^ of both layers. Accordii^ to Le Dantec, we could hot 
Ibm r^ard even a Hydra as an individual I 

Spencer, who had preceded Le Dantec, in his Prineipba of 
(1663), gave tne first philosophical definition of ^iniad 
Individuality, by sa^iu; that we must regard " an individus^ 
W any centre or axis tnat is capable of carrying on indepeiio 
dently that continuous adjustment of inner and outer relatione 
which constitutes life." But the chloroplastids of higl^ 
phiats are capable of independent ^owth and multiplicatioh, 
thus ezhibiting a good deal of individuality. Leucocytes, 
white blood corpuscles, show a much greater d^;ree of in4d* 
pendence than most of the cells of the body, and can evtia 
nhre outside the 'body for a time, if kept in suitable eultulV 
and at proper temperature. Do these, then, 
individuality? 

Ihe Yucca plant and a moth of the genus Pronuba sm ^ 
eSmofy related the one to the other that the moth canj^lifl 
|bod only from the Yucca, the Yucca can be fertilised -rOP^; 
by that particular moth. " When the time comes for 
lliying, the moth flies to the Yucca, rakes up a laige ba^' Vl 
ippilea by means of a unique structure on her head, apd tippd 
Hbl wim the ball to another flower; there she sticks hef-kt^ 
punously shaped ovipositor into the ovary of the 
ijpikd lays her ^g among the unfertilised seeds inside. 

1 ^ Idts the polloi ball on to a special hollow on top pi 
«||iPl* pnd pokes it firmly down. The pollen fertnispi 
itiMips, of which there are about two hundred, and they p 
^insys^ing into seeds ; meanwhile the catopillar hattppf 
at the expense of the seeds." About twen^^ 
fjpiipSiQe to transfonn the ^ into pupa and moth^. ll 
jppHSidiKler are left to mow into new Yucca plants. TpP>;:l 
areidwdu^y dtepepdent on each othisr for their 4 
padilfee&ce. Juhan Huxley's definition, carried to f' 
pootiution , would ooimede individtt^iy neitiisr to 
to the Yttcop plant on whk# It hut 
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loiMt ol oigaate to «tM8fc ^ 

«f tr«o oiUadi Infeoe as «n ittdivuiual reduooi 
“ifitlBtk ** IttdSvidhial ** to ilin absurdity. / 

Haeckel (GMtvl Morpkdo^, 1866) was the first to shed 
i clear fight on the grades and progressive complexity of 
Gl^nic Individuality. £. Perrier, in Les Cdmits Animaits 
(Paris, 1881), added widely to the subject. H. Ben^n 
{CfMAive Evobttiont translate into English 1911: MacmiUan) 
csonsidered an individual to be a “ system, naturally isolated, 
naturally closed**; whilst Nietzsche laid stress on thp individual*s 
independence of the external world and its capacity to exkM; 
apart from it. “ Accidents cannot happen to me, because all 
that would happen to me would be my own,’* says Zarathustra. 

Writing in the Cambridge Natural History on the remarhabks 
group of Ccelenterates known as the Siphon^hora, Professor 
Hicl^n stated that *' There is no convincing aigument to 
support either the conception that the Siphonophoran body 
is a colony of individuals, nor that it is one individual witn 
disjointed organs. These , two conceptions are sometimes 
called the * Poly-person ' * and * Poly-organ * theories respec¬ 
tively. The difficulty is caused by the impossibility of giving 
any satisfactory definition, in the case of the Hydrozoa, of the 
biological terms ' organ * and * individual.* In the his^ec 
animals, where the correlation of parts is far more complex 
tzhd essential than it is in the Ccelenterata, a definite limit to 
Idas scope of these terms can be laid down; but in the lower 
antoab the conception of what is termed an ' oigan * merges 
kstio that which is called an ' individual,’ and no absolute 
mnmdaiy line between the two exists in Nature. T^ie difficulty 
i| a permanent one, and, in using the expression 

* colony * for the Siphonophoran body, it must be understood 
it is used for convenience* sake rather than because it 
{|K|Msents the on^ correct conception of the organisation of 
tmse remarkable Ccelenterates.” Sir £. Ray Lazucester would 
vyegSfd the Siphonophora as illustrating his ** Iheory of 
jpjKiwnegraesis ” (or perfect swment formation) in that ** an 
Hrilfhttl unit, film those which constitute the composite 
Iminism, has ffiedy budded, and repeated its own structure, 
, ilMilm widl-marked units winch remain conjoined to form esl 
^flMusesoent or linear i^pgregate.” He regaras the polyminphliil 
dmmtphic col<mies of Hydrozoa as synthesised mitnero* 


ite.” He re 
ydrozoa as 
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^ probable t 
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N«citMsidvees, for example, are proidd«d with vdtim, «ii4, 
ttsmBy, tour rudial and a circular canal. Hiere is no manubrium, 
and tne marginal tentacles are rudimentary or absent. The 
polymorphic colony of a Siphonophoran has undergone great 
division of labour, great structural chai^^es having taken place 
in its component zooids in correlation with their special 
function. 

The difficulty of explaining precisely what we mean by an 
individual is well illustrated by certain Madreporarian corals. 
The individuality of such Turbinoliidae as Caryophyllia and 
Flabellum is probably comparable with that of an Eleuthero- 
blastean. Such organisms may be described as illustrations 
of what are spoken of as individuals of the second order. The 
peculiarities of asexual reproduction, however, lead to many 
complications of this apparently simple type. Frequently a 
process of imperfect fission takes place, and the polyp, viewed 
from above, loses the circular shape found in Goniastrcea, Galanae, 
and SoUnastrcea, and becomes band-shaped and much drawn out 
as in Dichoccenia. The mouth opening becomes divided up into 
a TOW of separate openings, but there is no further attempt at 
division into separate polyps. According to the Pbly-organ 
theory we should have a number of polyps each posses^ng 
more than one mouth. The Poly-person theory would incline 
us to the view that each mouth belonged to a distinct 
individual. In the ccenench3rme we see that the undivided 
thecae are not only elongated {Dichoccenia, Favia, etc.), but 
inay become very greatly drawn out to pursue a tortuous 
oourse {Masandrina, SymphyUia, etc.), thus giving the coral 
an appearance resembling that of the human brmn. In the 
case bf certain Antipatharia we are involved in still furthtf 
difficulties. " In some genera there is a constriction of the 
zooid between the pairs of tentacles on each side of the 
mesenteries and the directive tentacles. This gives them the 
appearance of a division into three zooids with two tentacl^ 
apiece, one with a mouth and two without a mouth ; and as 
t&6 mouthless parts alone bear the gonads on the single aitial 
mesentery) they have been called the gastrozooids " and 
** gonozooids ’* respectively. All three zooids probably con¬ 
state twether a single individual, in that the cavities of the 
ao-called ” gastrozooid " and “ gonozooids " are continuous. 

^^Hien we attempt to consider the individuality of the 
Cmdo^ worms our difficulties are greater still, the adult 
tapeworm (Ttmia solium) is ribbon-Bke, as its name implies, 
cdten attaining to a length of several yards. At one ^ ^ 
the sterile " bead * or scolex, attached to the intestinal w^ | 
the remaioder—the gwital region or body-—hangs freely in tho 
1 VaadiAf the *' soolex*’ is the nwr p helqgicsl {nsterior eOct 
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interior. Attachment to the intestinal wall, rendered necessary 
by its peristaltic movements, is made possible by the presence 
of hooks and suckers on the scolex. The scolex is usually 
separated from the body by a slender neck; andl the body 
consists of a long chain of segmented ” proglottides.” To 
begin with, each proglottid contains male reproductive organs 
comparable with those of the TremcUode] female organs 
develop later, and self-fertilisation probably follows in due 
course. A remarkable Cestode feature is the entire absence of 
alimentary canal in both larval and adult forms. The muscular, 
nervous, and excretory systems which supply the proglottides 
are continuous throughout with those of the head. 

Linnaeus, Dubois, and Blumenbach believed that the 
strobilia was built up by the mutual attachment, in series, of 
numerous Vermes cucurbitini or free-living proglottides, thus 
constituting what is spoken of as an individual of the third 
order. Modern zoological opinion does not, however, support 
this view. Burmeister, Gotte, Claus, and Perrier regard the 
strobilia as a metamerically segmented individual comparable 
to an Annelid (Poly-organ theory). Steenstrup, Leuckart, 
von Siebold, and van Beneden * look upon the proglottides as 
representing the sexual individuals of a linear colony (Poly¬ 
person theory.) 

During the life-history of Aurelia, it will be remembered 
how, early in the winter, the Scyphistoma stage became 
encircled by ring-like constrictions, ultimately being divided 
up into a pile of strobilia, consisting essentially of a number 
of saucer-hke bodies one on top of the other, and how, one 
by one, these strobilia broke off and swam away in the form 
of small eight-lobed, star-shaped ephyrae. Under the micro¬ 
scope, these ephyrae showed a characteristic sensory tentacle 
situated in a small recess at the end of each of the eight arms. 
The spaces between these arms were gradually obliterated hy 
specially active growth in these regions, until the circular outline 
of the adult Aurelia Was attained. 

It might seem reasonable then to compare the Cestode 
” colony ” MUth the Scyphozoan Scyphistoma, the proglottides 
budded off from the neck being comparable with the young 
ephyrs budded off from the original Scyphistoma. What 
r^t, however, have we to regard the Cestode proglottides as 
” individuals ” ? A single proglottid cannot be considered 
as ” the total product of a fertilised ovum,” yet neither can a 
riiigle aphid nor a young Hydra viridis produced by gemma- 
tkmi—<tnd these, we believe, can rightly be regarded as 
individuals. Is a single proglottid able to carry on inde- 

tlis quMtioa of the naton of the Cestode body and larva is dfseoased 
by Branaik Bcoim’a TStarnneA, Cestoda (Bd. IV, PI. 38--45). 
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thAt continuous adjustment of inner to outer rdaticos 
constitutes what we <^1 life ? We are told that when 
a ptroglottis of ** CalUoboihriuin *' approaches maturity, it 
si^parates from the parent, the broken ends of muscles, nowes, 
And excretory vessels quickly heal, and, if it remains in the 
intest^e of the host, it is capable of further growth and fairiy 
active movement. Van Beneden in Les Vers Cestoides (1850) 
states that in growth it may equal or even exceed its parent. 
Facts such as these would appear to support the theonr, held 

Steenstrup and others, of the colonial nature of the Cestoda, 
Vet the continuity, of the muscular, nervous, and excretory 
systems, together with other anatomical facts, would lead to 
its rejection. Are Lang and Hatschek, then, nearer to the 
truth in the intermediate position which they have taken ? 
Lang holds that the " formation of the joints of a tape-worm 
from a small fixed ‘ scolex ’ is not only largely comparable 
with the strobilation of a scsrphistoma and the consequent 
formation of a pile of medusee, as in the life-history of Aurelia, 
but that both processes have arisen from the power of 
regenerating the necessary organs in each of the new segments. 
The result in both cases is the rapid formation of a number 
of joints, which gradually separate from the parent, to carry 
the^gs and young to new stations.*’ 

The more closely the problem of biological individuality 
is considered, the more one realises the futility of framing 
any satisfactory definition of the term ” individual *' which 
should prove applicable to the whole animal and vegetable 
kingdom. It seems to me that the difficulty is lessened if, 
instead of speaking of organisms and groups of organisms as 
individuals ” of the fust, second, third, or higher ordm, 
in the more complex cases we speak of the possessi^m of 
individuality, and restrict the term “ imtividual ” to those 
cases which come within what is, I believe. Professor Hicl^n's 
definition—namely, that an individual is a livir^ organism 
which ** shows discontinuity in time and space.” If we can 
reasonably speak of a millepore, a physophoran, a tapeworm, 
the very use of the word a ” implies something which can 
be considered as a whole and therefore, in that sense, as ” an 
individual.’* We should then be using the word as it would 
be used by the man in the street. If we asked for a millepore, 
or a ph3r8ophoran, a “ colony ” would be brought to us, then 
the colony, and not the separate mganisms of whidi it is 
composed, is the individual. 

The use of such alternative tmns-~^ther an individual 
w the possession of individuality—seems to me not onty to 
be in line>^with the current terminology of the ordinary man, 
who would regard a fsnuly, a sed;, a nation, etc., as possesdng 
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iitdhriduftltty but not as individuals, but to resolve many 
of the apparent absurdities which resulted from the applicaticm 
to all cases alike of the various definitions of the one term— 
*' individual.*' Though it is difficult, for example, to r^ard the 
Yucca plant and the moth as together constituting an individual, 
we can think of the moth as so closely bound up in its existence 
with the plant that they do afford an instance of the possession 
of a certain type of individuality. 

Individuality is an intangible phenomenon. Nature recog¬ 
nises no boundary lines. There is a continuous gradation from 
cell to tissue, tissue to organ, organ to organism. Organic 
evolution seems to consist in a process of progressive integration 
—a progressive merging—a progressive co-operation, accom¬ 
panied by division of labour, whereby individuals of a lower 
order combine to form individuals of a higher order. The 
unicellular Protozoan, Amoeba, so frequently found creepii^ 
about in the mud at the bottom of ditches and ponds, though 
exhibiting within the narrow limits of their jelly-like bodies a 
considerable amount of structural differentiation, may be 
regarded as individuals, i.e. of the first or lowest order. There 
is little or no differentiation of labour (?), and the individual 
cell units remain nearly, or almost, independent of one another. 
Amongst the Protophyta, an individual of the first order is 
found in Heemaiococcus pluvialis, which occurs in temporary 
pools of stagnant rain water. These individuals are indepen¬ 
dent cells, each performing alone all the essential functions of 
life; in the words of Herbert Spencer, they are “ capable of 
carrying on independently that continuous adjustment of inner 
to outer relations which constitutes what we call life." 

The principle of co-operation of different organic units is 
illustrate by the process of colony formation met with in 
certain Protozoa and Protoph3rta. Hcematococcus, mentioned 
above^ may be taken as the starting-point of our series. This 
form is always solitary, the two individuals separating com- 
pletdy from one ahother after each cell division. In the 
familiar Iresh-wata: Volvox, on the other hand, the individual 
cells are arranged side by side in the gelatinous wall of a 
hoUow sphere. Possibly it was this habit of colony formation 
which led to the orig^ of the Metazoa and Metaph3rta from 
unicellular ancestors. The component cells of such a colony 
ma3r become ^dually inflated, the process being accom¬ 
panied by ma»ed differentiation and division of labour, Sucli 
a colony may be said to possess individuality of the second 
order. The result of such differentiation and speciali8ati<m 
is that the various functions of the colony are more effidtmtly 
and economically performed. The old individuals of the 
Wder unget. able to specialise in different directions, but 
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ooiild oi^ take place at the ei^nse of their losing their old 
individuality. Tnus, in the fresh-water Hydra, the ectodemud 
cells become protective and muscular, and the endodermal 
cells glandular, whilst the interstitial cells remain comparativelv 
undinerentiated, persisting, as it were, in a " young condition ’’ 
not yet having developed the various characteristics of the 
myo-epithelial cells. The different “ individuals *' are no 
longer able to live independent lives, in that they cannot now 
perform for themselves individually all the functions that 
are necessary for their existence. If separated from one 
another, they will perish. In course of time this division of 
labour leads to that astounding complexity of structure found 
to be so characteristic of the higher Metazoa and Metaph3d:a. 

One step farther. Young Hydras produced by gemmation 
are usually detached from their parents before they themselves 
produce buds ; but in Hydra oligactis, and numerous Calypto- 
blastea and Gymnoblastea, the buds often remain attached to 
the parent after they themselves have formed buds, in which 
case a small colony is produced. This constitutes the posses¬ 
sion of individuality of the third order. We have here what 
we might crudely describe as a “ colony of colonies,” in that 
each individual zooid is in itself the morphological equivalent 
of an individual of the second order, such an Eleutheroblastean 
as Hydra viridis. In many cases, however, the process of 
integration and redifferentiation amongst the various units 
has been so great as to hide, almost entirely, all traces of their 
orimn. It has been said that the human head—if we traced 
ba^ far enough—could be shown to have consisted originally 
of a number of fused segments, each of which was an individual 
belonging to a linear colony. 

The mutual dependence of such a social organisation as 
that of the Bee or Termites results in the possession of what 
we might call the ” super-individuality ” of a fourth order. 

It IS impossible to include, within the limits of this article, 
all aspects of this widespread subject: only a few outstanding 

K ints by well-known workers have been included, and particu- 
•ly those points referring to the purposive co-ordination of 
structural parts and resultant behaviour, which come within 
the range of the S3rstematic zoologist. No account has therefore 
been taken of the work of Prof. Child {Individuality in 
Organisms, 191S), concerning the intensity and range of 
physico-chemical changes, which he considers determine the 
limits of the individual. According to Prof. Child, the start¬ 
ing-point of the individual lies not in a certain organisation, 
but in a certain reaction-system, individuation consisting in a 
relation of dominance and subordination. " Whenever a new 
metabolic gradioit of sufficiently high rate b established by an 
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external factor, a new individuation occurs.*’ His conception 
of an individual organism is mechanistic and based on physico¬ 
chemical dynamics, rather than structural, and based on psycho¬ 
physiology, like those with which we have previously dealt. 

As with lower animal life, so with man, we can see progressive 
*' orders ” of individuality starting with the primitive, and 
probably arboreal, savage, whose independent existence was 
maintained by the work of members of his immediate family, 
passing to a condition when security was sought and found 
by the combination of families into laiger communities. 
Thence to the condition of agricultural life, where faniily 
groups or small communities were collected into villages with 
different occupations. With facilities for trade, villages grew 
into towns. With the need for further protection from enemies 
and rivals, towns became massed into countries or nations. 
These nations became empires. The possession of super¬ 
individuality of the highest order will be reached when empires 
and nations are banded together in one great league to resist 
the inroads of all those destructive agencies which threaten 
the existence of the race itself. 
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Bv A. E. CAMERON. M.A., D.Sc., M.Sc. 

Frof§$sof of Zoologyt Vnivorsity of Sathalchowan 

I. Review of Past Work 

The undertaking of comprehensive insect survejrs probably 
first originated with the zoologists of the Illinois State 
Laboratory of Natural History under the influence and guidance 
of its director, Stephen A. Forbes, and there has been produced 
from time to time by the workers of this school a series of 
excellent monographs dealing with the ecological relationships 
of the insects and other invertebrates of the State of Illinois. 
Apparently the principle underlying these surveys has been 
to preserve for the future a record of the fauna of the State 
in its transformation from a wilderness to a prosperous amcul- 
tural and industrial country. Adams [i] has explained that 
his ecological study of prairie and forest invertebrates was 
xnade with the idea of reporting upon representative patches 
of prairie and forest in a manner which would preserve some 
records of the present condition of the prairie and forest. For 
the same reason the work of Shelford 1^23] and Vestal [27] 
assumes a valuable sigiuficance which is likely to be enhanced 
as comparable studies in similar areas are carried out. Two 
European workers, Diem [13] and Holdaus [15], in 1903 and 
roio respectively, published brief records of the f^auna of 
the soil. 

In a comparison of the work accomplished by the American 
ecologists with that of the British, an important difference 
becomes apparent. The areas which were investi^ted in 
Illinois occupied a much larger territory than those in England, 
and, as a result, the Illinois workers have been able to eurive 
at conclusions of a more generalised type than were possible 
with the more restricted studies of the British workers. The 
prairies and forests of North America cover vast stretches 
throughout which climatic conditions are fairly constant withto 
the lunits of certain well-defined zones. Thus it is that 
inforences elicited from the study of the faunistic composition 

' Read before Sectkma D mod M, British Association, Toronto meetings, 
Aognt 8, 1924, as part of the dlscnasion on " Soil Population,'* 
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of a sample of prairie or forest at some spedfic area within a 
particular zone are likely to apply to other similar areas within 
the same zone, although thev may be widely separate from 
each other. The British workers attempted a more intensive 
type of investigation within very limited ar^s in urban or 
agricultural districts, where natural conditions no longer 
prevailed. It soon became evident that under th^e conditions 
It was practically impossible to treat of soil insects as a 
homogeneous entity governed by a measurable set of environ¬ 
mental factors. The facies of an agricultural district is 
continually changed by cultivation, so that the soil nevo: 
attains to a condition of stable equilibrium, except, perhaps, 
in the case of permanent pasture. Even in the case of |prass- 
lands of long standing it was recognised that the soil-insect 
population varied considerably, its composition being appreci¬ 
ably affected by migration of species from adjoinin|; arable 
land and vice versa. The rotational system of agricultural 
practice has produced an ever-changing physical and organic 
environment, and the composition of the soil-insect population 
varies proportionately with the transformations in this environ¬ 
ment. In that the transformations generally occur regularly 
and in orderly fashion, the annual variations are gradual, not 
abrupt, and comparatively small. In passing from the primeval 
conditions of undisturbed nature marked by a condition of 
equilibrium, through the transitional period of a one-crop 
system, which obtains in new countries such as the prairies 
of Western Canada, to the rotational system of older lands, 
agriculturists have adopted the most powerful single instrument 
in the restriction of the undue increase of insect pests that 
has yet been provided. 

In his survey of the soil fauna of agricultural land. Buckle [z], 
reoo^ising the difficulty of interpreting the faunistic composi¬ 
tion in terms of the numerous variable physical factors of the 
environment, suggested the possibility of its correlation with 
soil-types alone, such as sands, clays, and loams. Interpreta¬ 
tions based on such a restricted basis would possess little of 
value, as the environment cannot be regarded as other than a 
complex in which the fluctuation of any single factor may 
alBCect one or all of the others. 

The first soil-insect survey in Britain was carried out by 
the author £3] in a small area in the vicinity of Manchester, 
and was anmlified by a later stu 4 y [4] at Holmes Chapel, 
Cheshire. Toe area discussed in the ^t of these stuoiies, 
surrounded as it was by urban conditions, did not offor any 
hifornmtion that could be strictly applied to agricultural 
c^ditioas. The investigation, however, served its purpose in 
tluA fr pcesented lor the firet time a statement of the pnAleins 
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of soil insects viewed as a corporate whole, their biological 
ndationships both amongst themselves and to their physical 
^vironment, the soil and vegetation. At the same time, a 
working definition of the term soil insect was presented which 
has formed a basis for the prosecution of the studies of later 
iMologists in this field of activity. Here, too, the method of 
the sample system was introduced for the analysis of the sod 
fauna, and by its use computations of the composition of the 
fauna were obtained. The sample method is still employed, 
but the tedious effort of manual examination of soil samples 
has been greatly relieved by the introduction of a special 
apparatus by Morris [20], whereby a fractional separation of 
insects and other invertebrates from the soil is achieved by 
means of a current of water led through a linear series of 
three sieves. The uppermost sieve containing the soil sample 
has a coarser mesh than the remaining two, that of the lowest 
being the finest. This one serves to retain only the smallest 
insects and the finer fractions of soil. The larger soil insects 
together with the coarser particles are retained by the two 
upper sieves and can be readily extracted. The imderlying 
working principle of separation rests on the variation in size 
of soil insects as well as of the particles composing the soil. 
An apparatus patterned on that of Morris is being used by the 
representative of the Canadian Entomological Branch in an 
insect investigation of prairie soils in Saskatchewan. 

So far as the British work on soil insects is concerned, 
much of the credit of their investigation is due to Prof. S. J. 
Hickson, with whom the idea originated. At his suggestion 
the author [3] began his researches in 1912, and the surveys of 
Morris and Buckle [2] that have followed are also products 
of Hickson’s department. Morris [19] has continued his 
hivest^ations at Rothamsted. 

11. Soil Insects and their Habitat 

The term soil insect was defined by the author [3] in 1913 
as comprising all insects which at one time or another in the 
course of development from the egg to the imago spend some 
st^e or stages of their life-histones either on or beneath ^ 
suitace of the soil. This definition at once apprises us that 
soil insects do not belong to any particular genus, family, or 
ordee of insects. With a few notable exceptions, sucm as 
the truly aquatic Ephemeroptera, Trichoptera, and Odohata, the 
parasitic Mallophaga, Siphunculata, and Aphaniptera, all the 
principal orders contain a lesser or greater numbo: of spei^ 
that answer to the above definition. Briefly enumerated, 
these orders are .the Apterygota, Isoptera, Mecaptera, Thysaa- 
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<^era, Hemiptera, Oennaptera, Orthoptera, Coleoptera, Lepi« 
(kiptera, Hymenoptera, and Diptera. Of the more extensive 
orders of Hemiptera, Orthoptera, Coleoptera, Lepidoptera, 
H}rmenoptera, and Diptera, the Orthoptera and Coleoptera 
[ax>bably contain a larger proportion of species, the various 
metamorphic stages of which are more or lep closely 
identified with the soil throughout the life of the individual. 
In the Orthoptera there are numerous species of the families 
Gryllidae and Acridiidae, which spend as many as ten months 
or more associated with the soil or its immediate covering of 
herbage and but two months or less in the aerial stratum above 
the soil as adults. As an example, the acridiid species, Melano- 
plus atlanis, the Lesser Migratory Locust, will serve. Likewise 
in the Coleoptera, and more especially in the families Scara- 
basidae, Silphidae, Cicindelidae, Carabidae, Staphylinidae, and 
Curculionidae, numerous species spend the complete life-history 
in or on the soil. Many species of Elateridae oviposit in the 
soil where the larval and pupal stages are also passed. The 
adults occur either on the surface of the soil or on the herbage 
above the surface. In the Lepidoptera and Diptera soil 
insects are perhaps most commonly represented in the Noctuidae 
of the former order, whilst in the latter they will be found 
vauriously distributed in the Bibionidae, Tipulidae, Mycetophilidse, 
Leptidae, Tabanidae, Empidae, Muscidae, Anthomyiidae, to 
mention but a few families. Examination of the life-histories 
of many soil-insects will show that the adults are frequently 
to be found in the aerial strata above the soil. By its active 
powers of flight the adult or reproductive phase is enabled 
to maintain the range of distribution of the species by migrating 
from one locality to another where suitable conditions for 
breeding occur. 

It must be recognised that the soil offers for those insect 
species which frequent it the optimum environmental conditions 
for the orderly maintenance of their vital activities. For 
many soft-lkdies insects, such as the larvae of Cicindelidae 
and Sphecoidea, it offers a medium in which burrows can be 
formed for protection against untoward circumstances. 

The true index of an animal habitat is its suitability for 
breeding as well as for feeding, and of the two the former is 
probably the more impoitant. If we adhere strictly to thb 
defimtion of habitat, the number of species which our aefinitioa 
of soil insect includes would be greatly reduced. For instance, 
the true habitat of such typical parasites of CEstridae is the 
m a mmali an host, on the hairs or in the nostrils of which 
lay tiiieir When the larvae have completed their devtdop- 

tamt withm the host, they emerge and drop to the s^und 
vhudi offns a.oomparativefy safe asylum for the resting {mpo 
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phase. So it is with many of the Hymenoptera that parmtitise 
other insects. Many dipterous leaf-mining insects [4 and 5] 
hkewise pupate in the soil. In these cases the crevices of the 
soil provide a friendly place of shelter, whilst the radical 
histolytic changes resulting in the development of the imago 
are completed with some guarantee of safety against attac^ 
by predaceous animals. Another particular instance of^ this 
aspect of the question of soil insects is furnished by the widdy 
distributed Pear Thrips, Tcehiothrips inconsequens [8], which 
lays its eggs in the tissues of the midribs and petioles of a 
variety of native and orchard trees. The nymphs, after feeding 
openly on the flowers and leaves, drop to the ground during the 
late summer, where they transform to prepupae followed by 
the pupae, from which the adults emerge in Decemb^ under 
the conditions prevailing in Vancouver Island. The adults 
remain protected in the soil until the end of March, when, 
with the soil temperature rising to 45® Fahr., they desert their 
Mrinter quarters in the soil and pass to the opening buds of 
their food-plants. Altogether, this insect spends almost seven 
months in the soil from September of one year to March of 
the following year. Nevertheless, in virtue of its breeding 
and feeding habits we should hesitate to include it amoi^ sou 
insects stricto sensu. Its presence in the soil is merely incidental 
to the occurrence of its proper food plants above the soil 
surface, and the duration of its soil phase does not necessarily 
argue for its classification with true soil insects. Other instances 
of a similar type might be cited, but in my investigations I 
have preferred to neglect the criteria of a habitat so as to 
include within the meaning of the term soil insect all species 
that are at any time associated with the soil, no matter whether 
the period of association is long or short. 

It will be interesting, however, to enumerate a few species 
of insects that both breed and feed in or on the soil, ^ese 
have b^n chosen at random, some of them occurring in Europe, 
others in North America. In each case the order precedes the 
species examples printed in italics. 

Thysanura, Campodea staphylinus ; Collembola, Istdcma 
viridis ; Dermaptera, Forficula auricularia ; Orthoptera, Cam- 
tmla pellucida ; Rhynchota, Aphis maidi-radicis ; Mecaptera, 
Pamela communis ; Lepidoptera, Porosagrotis orthogoma, 
Euxoa ockrogaster ; G>leoptera, Nebria brevicoUis, Ocypm 
olens, Aphodius fimeiarius, Ludius isreipennis, Laehnostema 
mgosa, Agriotes obscurus ; Diptera, Tipula oleracea, Hylamyia 
brassicai, Dilophus febrilis ; Hymenoptera, Lasius niger amari- 
canua, Bombvts ierncola, AmmophUa pictipennis. 
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III. Adaptations of Soil Insects 

Soil insects, derived as they are from widely varying orders, 
lack homogeneity. Amongst aquatic insects the range of 
structural modification and adaptation to a fluid environment 
is fairly wide, chiefly affecting the organs of locomotion and 
respiration. Legs become adapted for progression in water, 
and the respiratory system modified for the extraction of 
dissolved oxygen from the water in the more specialised forms. 
That there is often a distinct lack of resemblance both struc¬ 
turally and genetically in these modifications in the aquatic 
species of different orders supports the theory that the problem 
of aquatic existence has been solved in the different orders 
independently and probably at widely different times. 

As compared with aquatic insects structural modifications in 
soil insects are comparatively few. Examination of the 
respiratory ssrstem of different species fails to reveal, any 
striking peculiarities. The function of breathing is effected 
in a manner entirely identical with that of aerial forms. 
Generally spieaking, the insect-bearing strata of the soil are 
penetated by the same mixture of gases that compose the 
air, which all terrestrial animals breathe. On account of the 
fact that fermentative processes in the soil may cause an 
undue increase in the proportion of carbon dioxide, it is possible 
that soil insects can resist for long periods the deleterious 
effects of an excess of carbon dioxide and a consequent decrease 
of . oxygen. It is suggested by Adams [i], p. ii6, that the 
white grubs, Lachnostema, may be able to close their spiracles 
under such circumstances, thus retaining and conserving the 
supply of oi^gen within the tracheae and occluding the entrance 
of carbon dioxide. 

As regards organs of locomotion there is a wide variation 
in the degree of their development, but the causes of differentia¬ 
tion are not to be sought successfully amongst the physical 
factors of the habitat ^ much as in the habits and behaviour 
of the insects themselves. Root-feeding dipterous and coleop- 
terotu maggots find in the plamt tissues of their varied hosts a 
plentiful supply of rich nutriment which is readily available. 

in many other species, which feed on deGa3ring animal and' 
ve^taUe substance, or are parasitic, degeneracy of the organs 
of locomotion ensues, this being but a particular instance of 
adaptation explicable on the grounds of an abimdant food- 
supply, whidi obviates the necessity of active search for food- 
tnatet^. As contrasted with these degenerate forms there 
ooeur many surface-inhabiting cursorial species, in which the 
powers of locomotion are extraordinarily well developed to 
match their pre^ceous habits and facilitate their escape 

/"'T- 
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firom dang^. Examples of these are to be found in the 
Cidndelide and Carabidse. Predatory soil insects are not, 
however, alwa^ endowed with well-developed organs of 
locomotion. The larvae of Tabanidae, which occur in the moist 
soil around ponds, merely possess stump-like prolegs, three or 
four pairs on each of the first seven abdominal segments. There 
is, however, a powerful body musculature, which enables these 
insects to force their way rapidly through the soil in their 
search for earthworms and soft-bodied insect larvae. 

Probably the most perfect adaptation amongst soil insects 
occurs in the curiously enlarged front legs of Gryllotalpa. 
mole-cricket, which are used for excavating their underground 
burrows. Fossorial wasps of the Super-family Sphecoidea, 
which are very rapid in the excavation of their burrows, do not 
depend on any special structural modifications in their work. 


IV. Environmental Factors that Constitute the Soil 
, Habitat 

It is not my intention to discuss in detail the relationship 
of the various physical factors to the insect denizens of the 
soil, but merely to indicate how important is the consideration 
of some of these in any adequate treatment of the subject. 
It is evident that the soil offers to insects a habitat of com¬ 
parative security, which is peculiarly suitable for soft-bocfied 
larvae or unprotected pupae. Security, however, does not 
render a habitat acceptable to an organism, unless it can also 
adjust itself to the physical factors of its environment. Hie 
factors which exert a profound influence upon soil insects are 
temperature, humidity, and soil ventilation or aeration, whi<^ 
depend again upon soil texture and structure. Another factm: 
of l^er importance is intensity of light, which remains 
practically constant in the recesses of the soil everywhere and 
is, therefore, not primarily determinative of founistic compel- 
tion. Still another, also of minor importance, is barometric 
pressure, but in that variations of pressure influence the 
percentages of atmospheric humidity this factor cannot be 
neglected entirely. 

Russell [32] has said that the soil is a porous mass 
up of a hard framework plastered over with a jelly {of orgaitic 
colloids) containing chemically active substances, plant foods, 
and unstable organic compounds rich in stores of easily liborated 
energy, while the pores contain air and a considerable amount 
of water. Three distinct soil-t3rpes are recognisable, d i*- 
tinguished from each other by their texture, but not sharp^ 
so. First, there are the Sandy soils, consisting (hi^y inert 
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idlica with about 6 per cent, of day. Second, there are the 
loams, with about 6 to 15 per cent, of clay, 40 to 60 per cent, 
of silts, and 20 to 50 per cent, of fine sand. Lastly, there are 
the clays, sticky soils characterised by their capacity for 
retention of moisture, but becoming hard>baked in dry weather. 
They contain about 25 per cent, or less of day. Of the three, 
the loams are the most fertile on account of the presence of a 
more abundant and readily available food-supply for plants. 
Sandy soils are characterised by their warmth and earliness 
as judged by more rapid maturing of crops, whilst day soils 
are late, cold, and difficult to work. 

Insect life is most abundant in a shallow vertical layer 
extending from the surface of the soil to a depth of about 
six inches. The greater majority occur in the first three inches, 
a fact verified by the investigations of myself [3 and 4] ana 
Morris [19], and there is an appreciable decrease with depth. 
The soil stratum occupied by insects is roughly that of cultiva¬ 
tion, and the progressive attenuation would seem to indicate 
that soil insects do not thrive except under those conditions of 
their environment which best foster vegetative growth, apart 
from- light, to which soil insects react negatively. 

We shall now briefly discuss the physical factors of the 
soil environment. 

I. Ttmperature .—^The temperatures prevailing in the first 
six inches of the soil with the exception of the top half-inch 
are subject to lesser fluctuations between daily minima and 
maxima than is the air, and wherever there is a covering screen of 
vegetation the variation is even less than on bare fallow surfaces. 
The moisture content of a soil strongly influences its temperature 
in that heat travels more quickly through a moist soil than a 
dry one, and a moist soil is more uniform in temperature. 
Insects are repelled from a dry, warm soil partly because of 
the increased temperature, but also partly because of the 
deficiency of the moisture factor. This I have observed both 
by actual observation in the field and by experiment. Samples 
of soil were taken from a bare fallow in summer, when the 
temperature at the surface of the soil was 90® Fahr. No 
insetls occurred in the first inch of twelve samples examined, 
and very few at a depth of three inches. Beneath this, wire- 
worms and a species of small scarabacid larva were common. 
|b the laboratory a sample soil twelve inches square was 
placed in an insulated wooden box. Thirty wireworms were 
placed on the surface of the sample and the surface gradnatty 
warmed from above by an electric heater. As the temperature 
advanced at the surface from 65® Fahr. to 120® Fahr., the 
tmnperature at three and six inches also gradually incrnmed, 
wrAstt albfr three hours, with surface temperature of lao® Filur., 
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that at three inches was 90** and at six inches 76" Fahr. "nie 
sample was then e;immined, when it was found that the wn^- 
wonns had the following vertical distribution : three inches, a ; 
fotir inches, 5 ; five inches, 8 ; six inches, lo ; seven inches, 5. 
In a control sample of similar dimensions and with the same 
niunber of wireworms, after three hours 25 were found to 
occur in the first inch and 5 in the second. 

Below a temperature of 45“ Fahr. most soil insects become 
inactive, and passivity becomes more pronounced as the 
temperature descends. As the temperature is raised above 
45® Fahr. activity is reassumed, until the critical temperature 
hi reached beyond which death ensues. It is probable that 
for each species there is a temperature range within which the 
life-processes proceed normally, activity increasing or decreasing 
according as the temperature rises and falls. Above or below 
this range, which is probably constant for each species, meta¬ 
bolism of the organism finally ceases with fatal results. It 
has been suggested by the author [3] that the marked faculty, 
which many hibernating soil insects possess, of resisting freezing 
temperatures may be due to the high concentration of their 
body juices. Increase of concentration determines a lowering 
of the freezing-point. The phenomenon may not lend itself 
to such an easy explanation as this, and the question would 
offer a fruitful field of research to the qualified investigator 
who cares to enter it. 

^ Whilst it is generally accepted that with the onset of winter, 
soil insects desert the superficial layer of the soil for greater 
depths to escape the cold, Morris [19] in his work on the insect 
fauna of arable land at Rothamsted remarks that no seasonal 
variation in the distribution in depth of the soil fauna was 
observed. Vertical migration is a function of the severity of 
the climatic conditions. As Morris’s investigation lasted for 
one year only, and his paper shows no record of the prevailing 
temperatures and other clunatic factors, it would be impossible 
to arrive at any conclusions based upon the data presented. 
In my investigations in Cheshire [6], in 1913-14, the lowest 
averaTC temperature recorded in the soil at six inches was 
38*9® Fahr. in January 1913, and 40*2® Fahr. in March 1914, 
The highest average temperature was 59’i® Fahr. in August 
1913. During both winters about 70 per cent, of all forms wen 
found at an average depth of four mches as compared with 
more than 70 per cent, in the first three inches du ring 
summer. 

The vertical seasonal migration of soil insects is less pro- 
nounced in England with its more e<^uable insular climate than 
occurs under the more extreme, continental, climatic conditions 
which Canada enjoys. On the prairies the temperature of 
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tile first six inches of soil falls to lo® Fahr. below zero during the 
winter. At three inches, temperatures of — 20® are recorded. 
Frost penetrates the soil to a depth of at least six feet. Criddle 
[9] records that the grubs of Lachnosterna rubosa hibernate 
at an average depth of seventy-four inches, whilst the adult 
burrows to a depth of sixteen to forty-seven inches. The 
larvse thus penetrate to a depth beyond the frost-line, whilst 
the adults, penetrating less deeply, nevertheless experience 
less extreme cold than prevails near the surface. Even although 
many hibernating insects fail to penetrate beneath the frost¬ 
line, the farther they migrate beneath the surface, the more 
stable will be the temperatures encountered and the less the 
risks of subjection to the injurious effects of alternate freezing 
and thawing. 

In Vancouver Island, where the range of soil tempera¬ 
tures is very similar to that of England, the Pear T^ips, 
Teenioihrips inconsequens [8], hibernates at depths varying 
from six to ten inches and emerges from the soil at the end of 
March and beginning of April, when the temperature at the 
surface has risen above 45° Fahr. 

2. Humidity .—^The soil receives water from the rain and 
from the subsoil, but it also loses water by evaporation and 
, drainage. As Russell [22] remarks, the actual amount present 
in the soil at any time, therefore, depends on several factors, 
as it obviously represents the balance of gains over losses. 
The blanket of humid air, which accumulates under a cover 
of vegetation, tends to retard evaporation and conserve soil 
moisture. At the same time this living vegetative covering 
causes loss -of moisture both through direct evaporation and 
absorption much faster than a bare moist soil. In the latter 
tiie moisture-content tends to be conserved by the maintenance 
of a surface mulch. Different soUs have not an equal capacity 
for water, which increases with the decrease in size of the 
soil partides and varies with the humus ratio. Both loams 
and days contain more water than sands and are more retentive 
of it. 

Undoubted!]^ the optimum conditions of soil moisture for 
insects is a variable, concerning which there is practically no 
accurate information. In a general fashion we know that 
different soil insects respond differently to varying degrees of 
humidity. Manv species of larval Tipulidae and Tabanidss 
occur only in sous near lakes and ponds that are continually 
saturated with moisture. On the other hand, the Qcindehdse 
and Sphecoidea select a light sandy soil, and the former may 
frequently be seen scurrying ova: not, exposed sands, during 
days when the shade temperatures in the summer are hoverhig 
arooud 90® Fahr. Fosso^ wasps dig their burrows in light 
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sands, but th^ are carried to a depth where the sand retains 
auffident moisture to lend support to the walls. 

The dry soil mulch of a bare fallow does not offer favourable 
moirture conditions for insects, but beneath the mulch insect 
life is often abundant. This 1 have observed in the case of 
the Pale Western Cutworm, Porosagrotis orthogonia, a pest of 
whrat in Montana, Southern Alberta, and Saskatchewan. 
This species appears to be characteristic of arid regions, whilst 
tbe Red-backed Cutworm, Euxoa ochrogaster, also a pest of 
wheat, is more prevalent in the more humid northern j^rts of 
Saskatchewan and Alberta. 

3. Soil Ventilation .—Soil ventilation or soil breathing is 
determined by temperature, humidity, and evaporating con¬ 
ditions. A high soil temperature is conducive to a rapid 
diffusion of air and carbon dioxide through the soil interstices. 
Tbe soil oxygen is derived from the air, whilst the carbon 
dioxide may be derived from the disintegration of complex 
organic compounds in the soil itself or from the carbon dioxide 
of the air carried in soluble form into the soil with rain water. 
Dry soil contains from 35 to 50 per cent, of its volume of air, 
and in moist or wet soils the air spaces are replaced by water. 
As the water passes downwards with drainage, the soil interstices 
at the surface are again filled with air. Thus drainage and 
the flow of water through the soil facilitate ventilation, which 
is influenced in larp measure by the porosity of the soil. The 
rate of diffusion of soil gases is approximately proportional to 
the square of the porosity. 

Adams [1] states : “In view of the dominance of carbon 
dioxide in soib, we may anticipate that many of the flnitnal<^ 
living in them possess some of the characteristics of the plants, 
bacteria, fungi, etc., which are active in such soils. The 
anaerobic forms live without free oxygen, others live only where 
oxypn is present. The animals which thrive in the soil are 
likefy to be those which tolerate a large amount of carbon 
dionde and are able to use a relatively small amount of oxygoa 
at least for considerable intervals, as when the soil is wet 
during prolonged rains." Again the same author ronarks; 
“ The optimum soil habitat is therefore determined, to a v«y 
important degree, by the proper ratio or balance between the 
amount of available oxygen and the amount of carbon dioxide 
which can be endured without injury." Loamy soils of a 
medium texture have a richer insect fauna than sandy soils 
and ck3rs. Mechanical obstruction to progression on n<vx> unt 
of thefr close texture, as well as comparative stagnation in the 
conditions of aeration, renders the days an unsuitable Tn*wj{.»n % 
for inswt activity. 

It is probable that many soil insects can resbt the 
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eShc/ta of excessive amounts of carbon dioxide by closure of 
the spiracles^ just as many of them can endure submersion 
for prolonged periods without injury. Reduction in the 
available supply of oxygen diminishes the rate of metabolism 
of the organism and stimulates passivity. Activity is once 
again resumed when the supply of oxygen becomes normal. 

From the foregoing remarks it will be apparent how little 
accurate information we possess concerning the environment 
of soil insects. Experiments concerning the influence of the 
various physical factors on the insect inhabitants have been 
few and far between, and until this deficiency is made good, 
our knowledge must necessarily remain restricted. Concisely, 
we may describe the environment as that stratum occupied by 
soil insects, which coincides roughly with the zone of cultiva¬ 
tion and root-growth. From the subsoil, insects are repelled 
by a lack of food and deficient ventilation. From the aerial 
strata above, soil insects are likewise repelled by the greater 
variability in range of temperature and humidity, with which 
must be considered the degree of intensity of light. 

V. Soil Insects and Soil Fertility 

Earthworms have been accredited with the function of 
natural agents in soil cultivation, this in virtue of their habit 
of burrowing in the soil. They are thus said to assist in the 
processes of soil ventilation and drainage. To them has also 
been attributed a rdle in the maintenance of soil fertility by 
reason of their habit of eating the soil for the organic substances 
which it contains, and thus the mineral substances are rendered 
more readily available for the use of plants as food. The humus 
content of the soil is considerably increased by their habit 
of dragging decaying leaves and other vegetable debris into 
their burrows. 

That the fertility of the soil is not merely a function of 
the numbers of earthworms which a soil may contain is 
evidenced by the high degree of fertility of the soils of the 
wheat-lands of Saskatchewan, where the earthworm is absent. 
It w unlikely that soil insects contribute to fertility, althou^ 
their habit of burrowing may aid in soil aeration. Some few 
insects, such as leather-jackets, may devour the soil for the 
sake of its organic material, and even in the food-canal of 
Imrvse of Ckrysons of supposedly predaceous habits I have 
disQovwed soil particles. The soil-devouring habit is, howevw, 
#p restricted among insects that they cannot be considered as 
agents in the production of plant food to the same extent as 
earriiwoims. 

it has been frequently suggested that soil insects in virtue 
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of their great numerical abundance might be found to prove 
themselves an important reserve and source of nitrogen. In 
ordar to test this theory, Morris [19] determined the nitrogen 
oontcait of several of the more common families of soil insects, 
Annelids and Myriapods. As a result of his computations he 
concluded that in manured soils, where insects were more 
abundant, the total nitrogen content of the fauna was 16'2 lb., 
as contrasted with 7*5 lb, in an acre of unmanured soil, where 
the numbers were less. These amounts of nitrogen were 
considered too small to be a factor in fertility. Furthermore, 
the soil insect fauna on account of its instability, its migrations 
from the soil to the aerial stratum with the completion of 
metamorphosis, is a quantity too variable upon which to base 
other than nominal calculations of this kind. 

VI. Injurious Soil Insects and their Control 

From the economic standpoint soil insects may be classified 
into three groups, beneficial, noxious, and innocuous. In the 
first class we include, for example, species of Ichneumonidae 
and Braconidae that are parasitic on such soil insects as cut¬ 
worms, the predatory Carabidae and the scavenging Scarabaeidse, 
to name but a few families. Examples of the second class are 
to be found in the Elateridae, Noctuidae, some Scarabaeidse 
and Curculionidae, Tipulidae. Among innocuous forms are 
included merely incidental species that find in the soil a safe 
retreat where thejr pupate. In certain cases an injurious 
species may be entirely harmless during its soil phases, as is 
the case of the Colorado Potato-Beetle, Leptinotarsa decenUineata, 
of which the pupae and hibernating adults are found in the soil. 

The control of harmful soil insects has always been fraught 
with much difficulty. Their attacks are carried out under the 
effective cover of their environment, and, entrenched in the 
•oil, they are not readily combated by the ordinary methods 
of inhibition. Varying with the different injurious species 
and their habits, the following methods of attack are at present 
employed ; agricultural practices such as systems of cultivation 
of the soil and rotation of crops ; attractive baits with wh ich 
poisons may or may not be mingled ; soluble poisons ; soU 
fum^ants and insecticides; and chemical fertilisers. We 
shall brie^ discuss each one of these methods and remark 
upon its emcacy. 

I. Agriculturai Practices .—These methods are employed 
p^icularly in the case of those pests that attack field crops. 
Fields that are infested with wireworms and white griibb 
should be ploughed so as to bring them to the surface, whara 
they are exposed to the attacks of insectivorous birds and 
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adverse weather conditions. For the control of Corymbitts 
noxitts and C. infkUus of the dry-farming region of the North¬ 
western States, where wheat alternates with summer fallow, 
the following practice has been recommended by Hyslop [i6]. 
The summer fallow is harrowed as early as possible in the 
spring in order to produce a mulch and thus conserve the 
accumulated moisture of winter. The harrowing is con¬ 
tinued as often as is necessary in order to maintain the mulch 
and keep down weeds. The summer fallow is then ploughed 
in July or early in August and immediately harrowed. Fields 
which have borne a crop are ploughed as soon as the crop is 
removed. This same method would be applicable to the 
control of the two destructive species of wireworms that are 
common in the wheat-growing districts of Saskatchewan, 
namely Ludius cereipennis and Corymbiies noctumus. Unfortu¬ 
nately, there is practically no evidence that ploughing is really 
an effective measure of control for wireworms. 

For the control of white grubs, Lachnosterna spp., in 
Manitoba, Griddle [9] advises ploughing between May 14 and 
July 1, when the eggs, larva:, and pupae occur above the plough- 
fine. Before and after these dates they descend beneath the 
plough-line and cannot be reached. 

On the prairies the plough is effectively used for burying 
the €^-pods of grasshoppers, Camnula pelludda, Melanoplus 
atlanis [10], The egg-p>ods occur at a depth of three-quarters 
of an inch and are deposited late in the summer either in 
p;rassland or stubble fields. By ploughing the infested ground 
in the autumn to a depth of not less than six inches and turning 
the furrow so that the whole upper side is well covered, the 
nymphs on hatching in the spring are prevented from reai^ing 
the surface. 


2. Baits. —^These are substances either used singly or 
consisting of a mixture of materials that prove attractive to 
pests. In this method of control advantage is taken of the 
chemotropic response pf the insect to one or several ingredients, 
if it be a mixture, and the insect is killed either by poisons or 
by a purely physical method. For wireworms, Treheme [26] 
advocates the use of sliced potatoes introduced into the sou 
At a depth of a few inches and left undisturbed for a period of 
five to seven days. Hie position of the bait is indicated by a 
wire. When removed, the bait with attached wireworms is 
{duni^ in boiling water and the pest destroyed. 

iuternatively, Treheme {ibid.) recommends the use of 
balls of wheat or rice-shorts, rice-bran, or corn-meal. These 
naateriab are first roasted in pans and then moistened and 
moulded into a rounded form by hand. They are used in the 
fame fuhion as the potato-bait. 
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Both of these baits are inexpensive, but could only be 
eeononxicaUy used in small fields. 

The bait method is also employed for the control of the 
Ctoion Maggot, Hylemyia antiqua [25], which lays its eggs 
either on the stems of the host plant near the sod or on the 
soil itself. The maggots on hatchmg enter the young develop^ 
bidbs. For the adult of this species there is a pre-oviposition 
period of about ten days, during which it can be profitably 
controlled by a bait mixture consisting of sodium arsenite 
dissolved in water and sweetened with molasses. The liquid 
is sprinkled in large drops over the foliage of the onions and 
on the surface of the soil, proving very attractive to the flies. 
The treatment is repeated four or five times at intervals of 
one week, as the emergence of the flies is distributed over a 
period of several weeks. 

Against the ravages of cutworms and grasshoppers in 
North America the use of poison-bait mixtures has produced 
most satisfactory results. They are composed of bran, or 
other similar substances, that has been sweetened by molasses 
and poisoned with an arsenical compound. In the control of 
grasshoppers some flavouring substance such as salt or fruit 

{ nice is added to accentuate the attractive properties of the 
^ait. In large outbreaks the bait mixtures are broadcasted 
on the surface of the soil infested by the pests. 

3. Wet Poisons. —Gjrrosive sublimate in the proportion of 
one ounce to ten gallons of water has been employed with a 
large measure of success by Treheme [25] and others in the 
control of the Cabbage Root Maggot, Hylemyia brassicm. 
This insect deposits its eggs on the stems of the cabbage or 
other related juants or on the adjoining soil. The maggots on 
emerging burrow into the stem of the host-plant. The soil 
and the stems on which the eggs are deposited are treated 
with the poison liquid and both these and the emerging maggots 
are destroyed. 

The introduction of corrosive sublimate has been a distinct 
advance on the use of the tarred felt-paper discs, which woe 
fitted around the base of the young plants to repel the ovipositing 
adults. 

4. Soil Fumigants and Insecticides. —In France carbon 
disulphide has been recommended for the control of the grape 
Phylloxera and other underground insects. Accordii^ to 
Davis [i ij, who cites Leach, carbon disulphide has been found 
to be very effective for destro3ring woolly apple aphb, Eriosoma 
Umigera. For the control of general crop pests such as white 
grubs, Lacknostema spp., its use has been found to be impractical 
on account of its prohibitive price. In a series of experimeatp 
carried out in New Jersey under the direction of Headlec^ 
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JSwns says that control of white grubs in a lawn was secured 
by using carbon disulphide in the proportion of three-quarters 
of an ounce £» every square foot. The cost was $272 (;C54) 
per acre. 

Carbon disulphide finds its best use in the control of insects, 
such as ants, that congregate in colonies underground. 

Davis {ibid.) has discussed the properties of a number of 
soil insecticides, including sodium and potassium cyanide, 
which have been tried by different experimentalists against 
wireworms and white grubs. The prohibitive cost^ of these 
materials and of their application has prevented their general 
adoption. 

5. Chemical Fertilisers. —^Various authorities, too numerous 
to mention, have at one time or another advocated the use of 
chemical fertilisers such as nitrates, sulphates, and phosphates 
for the control of wireworms and cutworms. It is questionable 
whether in the quantities that can be economically applied 
these substances have any appreciable value in stemming an 
attack. It is generally accepted that they prove beneficial 
by supplying the growing plants with essential mineral food 
substances, which stimulate growth and assist in carrying the 
plants rapidly beyond the young stages, when they are more 
susceptible to insect injury. 
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EDUCATION IN ANCIENT EGYPT 

By WARREN R. DAWSON 

Our alphabet consists of twenty-six letters, and the child who 
places his foot upon the lowest rung of the educational ladder 
when he begins to learn his A B C doubtless thinks these letters 
to be quite needlessly numerous. In the written language of 
ancient Egypt—^the hieroglyphs—over three thousand signs 
are known, and whilst it is true that many of them are very 
rare, several hundreds were in common use. And whereas aU 
our letters have one value only, namely alphabetic, the £g3rptian 
signs might under various conditions be alphabetic, syllabic, 
ideographic, or determinative. Moreover, one and the same 
sign may, in certain circumstances, play any of these rdles, 
and may in addition have more than one phonetic value ; 
consequently it will readily be understood that the youthful 
Egyptian, in beginning his career along the noble path of 
learning, had from the outset far more to assimilate than the 
modern child before starting on the more complex problems of 
grammar and syntax. 

We are unfortunately without information as to the method 
by which the Eg3T)tians arranged and taught their enormous 
syllabary in the earlier periods of Pharaonic history, but a few 
documents have survived from the later periods which we 
will examine hereafter. 

It is certain that the fellahin and most of the working 
clasm in Egypt could not read or write, and they probably 
received no education at all. An exception must be made in 
the <^e of the workmen engaged in engraving and painting 
inscriptions on the tombs, etc. These men were able to read 
and write, a fact upon which we have quite definite documentary 
evidence. The man who could read and write was called a 
aerib$j a term which in general corresponds to the medueval 
8ignim:ance of the word clerk. We have abundant evidence 
t^t the scribe’s profession was held to be one of the greatest 
i%nity and importance^ as we shall presently see. We know, 
moreovor, that definite schools existed attached to the great 
triaipilBS and to the government departments, where boys w«re 
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trained in reading, writin|^, and arithmetic to equip thmn for 
thieir future careers. Whilst it is true that Eg}rptian learning 
was severely practical and in general did not extend beyond 
the every-day requirements of life, nevertheless one cannot 
help feeling that this aspect of the question has often been 
exa^erated, and that the moral and aesthetic aspects of 
education were by no means neglected. On this point we are 
fortunately well informed, for antiquity has spared to us a con¬ 
siderable quantity of school exercise-books from which we are 
able to examine the nature of the subjects taught. Before we 
examine these, however, we must say a word as to the script 
and the writing materials employed. 

The hieroglyphic signs (which, as is well known, represent 
human beings, mammals, birds, and other animals in various 
attitudes, plants, natural, and artificial objects of various 
kinds) were employed chiefly for monumental purposes, and 
they are to be found sculptured or painted in great detail 
^on the temples, tombs, and other monuments throughout 
E^;ypt. For every-day purposes, and for manuscripts generally, 
a cursive script was derived from hieroglyphic, and this is 
known by the somewhat misleading name of hieroHc. In this 
script the signs assume a cursive and abbreviated form, and 
it bears the same relationship to the formal hieroglyphic writing 
as handwriting with us bears to printed type. It is merely 
a question of difference in writing, the grammar and syntax 
bdng identical with that of hieroglyphic inscriptions. Hieratic 
manuscripts are always written from right to left in ink with 
a reed-pen. Red ink is used for headings, dates, colophons, 
and other similar purposes, and in literary compositions rea 
dots, known as verse-points, placed just above the line> divide 
the text into verses or paragraphs. The writing material was 
of several kinds : papyrus, a kind of paper made of two or 
more layers of the fibres of the papyrus-plant gummed together 
with the fibres of the respective layers at right-angles to one' 
anoth^; tabl^ or wooden boards covered with plaster and 
whitened; parchments or leather rolls; and osUraca, «.«. 
potsherds or flakes of white limestone. Papyrus was u^ 
chiefly for literary works, letters, and generally for d<x;nmenjtl 
of an important nature or intended for permanent use. Tablete 
were us^ much in the same way as school slates are used tonday« 
the writing could be washed out and the surface re-whitened 
and used again ; leather rolls are rare, but commonest of sdl 
are ostraca. Jottings and memoranda of an ephemeral natuio 
were scribbled on ostraca, whidli were thrown away after tfasgr 
had served their purpose, and many school exercises were written 
on ostraca, as p£q>^ms was eaq>en8ive and too good for mdh 
temporary uses. Papyrus wa8> however, lax|^ ut^ Igt'; 
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8cii0ol«book8, whra the pupil had attained sufficient progress 
to embark upon long texts for which ostraca were too small, 
and as we have already stated, a number of such papyrus 
rolls has survived. These schpol-boolu may be generally 
characterised as Miscellanies or collections of subjects of a 
most varied character. 

Most of these miscellanies consist mainly of collections of 
model letters, interspersed with literary exercbes often cast in 
epistolary form. In this we see the practical side of Egyptian 
eaucation, for it was an essential part of a scribe’s duties to be 
able to compose letters relating to the affairs of business and 
of civil life. The best known documents of this type are the 
Papyri Anastasi I~V 1 , Sallier 1 , and Lansing'^ in the British 
Museum, the Papyrus Roller in Berlin, the Papyrus No. 1094 
at Bologna, and the Papyrus No. 348 at Leiden. In addition 
to these, others are known, and also some similar but shorter 
works written upon ostraca. The names of the pupil and hb 
teacher are often introduced into the letters as those of the 
sender and the addressee. Egyptian letters can be divided 
into three classes, (i) Superior to Subordinate, (ii) Equal to 
Equal, (iii) Subordinate to Superior. The three classes can 
be readily distinguished by the formulae employed in them. 
In the first class, the writer issues instructions to hb subordinate 
without any introductory salutations or courtesies and ends 
the letter with the curt phrase " Now look to it I ” In the 
second class, greetings and good wishes are exchanged, and 
the letter ends with “ good health to you.” Finally, in the third 
class, when the subordinate writes to his superior, the greater 
part of the letter b filled with elaborate and servile salutations 
and prayers, and assurances of fidelity, industry, and dose 
attention to all duties. Many specimens are to be found in the 
papyri just mentioned of letters of all three types. As to the 
suDject>matter of the letters (as dbtinct from the epbtolary 
formulae), we have the most varied topics presented to us. 
Amongst the letters of the first class we find instructions from 
afaeimt masters to the’servants of their estates to feed their 
cnttle, exercise their horses, and attend generally to their 
affair^. Again, orders are given to make ready for a vbit of 
the Pharaoh or some important member of his staff, or to 
collect taxes and tribute. Other letters, again, contain instruc> 
tibns to despatch or receive various conunodities by river, or 
to erect and repair monuments. In the second class we have 
that aoe little more than elaborate and reiterated good 
a^Uies, praym to the gods addressed by the sendo- for the 
md^iont’s welfare ; others, s^ain, give news of absent relations 

V' 1 liaive ghnm an account of tiiis newly-publithed papyrns in the dtMe 
j| !Hi 4 [ yv ,|^g«a,tO» 5 ,ipp. 309 & 
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and Iriinids or describe the doings of the sender ior the enters* 
tainment of the recipient. In the third class we find letters 
sent by ofiicials to their absent lords, reporting on the good 
condition and prosperity of their estates, not forgetting to 
mentioil that this happy state of affairs is due to their o^ 
industry and integrity. The subordinate respectfu^r prays 
for the health and prosperity of his lord, " assuring him of mi 
best attention at all times.’* The educational am of these 
model letters is nowhere better exemplified than in the passagea 
which contain long lists of commodities, of articles manufactured 
or unmanufactured, of food-stuffs, plants, birds, fishes, and 
minerals, many of them of foreign origin, and obviously intro¬ 
duced to enlarge the pupil’s vocabulary and to make him 
familiar with rare and difficult words. A long list of technical 
terms—^the various parts of the chariot and its equipment— 
occurs in one letter and evidently has the same purpose in 
view. Many of these model letters were evidently stock copies, 
for duplicates of them are found in several papyri. Inter¬ 
spersed amongst the letters we find purely literary exercises in 
which poetical expression and sj^le are aimed at. Su^ are 
the hymns to Amen, the god of Thebes, and to Thoth the god 
of learning, and to other divinities, which occur. Again, we 
have flowed and eulogistic descriptions of Thebes, Memphis, 
and other cities, and complimentary addresses to the Sovereign. 
It is this feature which leads one to the opinion that the scribe’s 
education was not so severely practical as many writers have 
suggested, but that the purely literaiy elements of education 
were appreciated and encouraged. These little pieces appear 
amongst the model letters without introductory formulse, but 
oth<U' passages quite as literapr are introduced by the usual 
epistolary phrases and drafted in the form of letters. Amongst 
«uch, a very favourite theme was the admonition of the^e 
scribe. Several of the papyri contain short passages in which 
warnings and threats to lazy and indolent pupils are propounded, 
and the master improves the occasion by dilatiz^ on tfao 
disgrace which bad habits bring upon the esteemed professioii 
of the scribe and exhorts the erring pupil to mend his ways. 
Thus in the Papyrus Roller the lazy scribe is compared to S 
careless sailor who stands on the prow of his boat heedless sif 
contrary winds and dangerous currents, and who courts disaster 
by his negligence. Another similar passage holds up to bop- 
tempt the scribe who is sowing his wild oats, and pursuing 
habus of drunkenness and vice. He is stigmatised as being 
“ like a boat that has lost its rudder, like a shrine without its 

g od, like a household without bread,” and as being aiming 
y decent people. A similar passage in the Papyrus SaUm 
No. /, of which several duplicates are known, the idil 
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seribe to consider the dignified profession to which he belongs 
and the prospects which his lazy habits are endangering, and 
draws a lurid comparison between the honourable life of the 
scribe and the terrible hardships of the field-labourer, who toils 
from morning till night to raise a poor crop, which is so denuded 
by vermin and by thieves that he cannot pay his taxes, and 
is seized, beaten, and thrown in prison. This comparison of 
the scribe’s profession with other callings was perhaps the most 
favourite of all literary motifs. Again and again in the model 
letters the advantages of the literary career are shown against 
the lurid bacl^ound of other callings. The soldier complains 
that he has too many officers, that he is overworked and badly 
fed^ that he has hardships and feats of endurance to perform 
which tax him to the uttermost. The charioteer’s life is no 
better, and the manual labourer’s life is scarcely worth living. 
The greater part of the Papyrus Lansing is concenied with 
this topic, and the whole of another literary work known to 
scholars as the Satire des Metiers is devoted to a description of 
the hardships of workers and craftsmen of various kinds. A 
complete copy of this work is found in the Papyrus Saltier 
No, JI, another copy is contained in Papyrus Anastasi VII, 
and innumerable copies of parts of the text are found on 
ostraca. This work, from the numbers of duplicates known, 
must have been the most popular of all literary pieces in the 
Theban schools under the Ramesside kings. The author 
admonishes his pupil to pay attention to learning and to 
uphold the dignity of the scribe’s profession, for " I have never 
seen a smith sent on an embassy, nor a smelter sent on a mission, 
but I have seen the metal-worker at his toil, at his furnace and 
his foige, his fingers as rough as crocodile-skin and stinking 
more than fish-spawn.” The long text recounts the toils and 
sufferings of the stone-mason, the barber, the boatman, the 
field-labourer, the builder, the gardener, the weaver, the dyer, 
and a host of others. 

We owe to the youthful scribes and schoolboys of Egypt 
a number of ancient lit^ary works, the Originals of which ^e 
lost, but which have survived wholly or partly in school copies, 
^e celebrated Story of the Two Brothers has come down to us 
in the copy made by the schoolboy Ennene, who lived in the 
reign of Sety II (about 1205 B.c.),and to whom we are indebted 
for the Papyrus Saltier No, II, which contains three literary 
wmrks, and the Papyri Anastasi IV and VI, which are collec¬ 
tions of model letters. Another youthful scribe, Pentowere, 
who was educated in the reign of the Pharaoh Meneptidi. 
successor to Ramesses the Great, has left us two of his school 
books, known to-day as the papyri Satlier I and Sallier III. 
The mt of these opens with an historical romance in which 
8 
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the Theban king Sekenenre quarrels with the Hyksos nder 
Ajpopbis; unfortunately Pentowere did not finish the story, 
but broke off in the middle of a sentence, probably when 
dismissed from school, to resume with " the beginning of the 
manual of letter-writing made by the scribe Pentowere in the 
year lo, seventh day of the month of Hathor ” (November i6). 
The other papyrus contains a copy of the poetical account of 
t^ victory of Harnesses II over the Hittites which the king 
won in the fifth year of his reim. 

Another literary classic which was very popular in the 
Theban schools of the new kingdom is a book entitled “ The 
Instruction of Amenemmes to his Son.” This Amenemmes 
was a celebrated Pharaoh, the founder of the Twelfth Dynasty 
(about 2000 B.C.), who made a kind of political testament 
confiding a prosperous and pacified kingdom to his son's chai^. 
No contemporary copy of this book has survived, and we are 
therefore indebted to the pupils Pentowere, Ennene, and othm 
who have left us their school copies made several centuries 
later. The same may be said of several other Egyptian literary 
works. Incidentally it may be noted that these literary 
classics must have been very limited in number, for in almost 
every instance duplicate texts have been found. The most 
notable exceptions to this statement are afforded by the stories 
of the magicians of the Pyramid Age preserved in the Westcar 
Papyrus at Berlin, and the Story of the Two Brothers, mentioned 
above, each of which is known to us from a single manuscript. 

Mathematical exercises have been found, but are not com¬ 
mon. The Rhind McUhematiccU Papyrus, which is a large 
document containing tables, calculations, and geometric^ 
problems, is the principal source of our knowledge of Egyptian 
mathematics, and this supplemented by a number of lesser 
firagments. An account of this papyrus and of Egyptian 
mathematics in general by the present writer appeared in 
Science Progress, July 1924, Vol. XIX, pp. 50-9. For the 
ancient Egyptian, mathematics was a science entirely for 
practical puiposes, and having attained its purpose, tended 
td stagnate ; but as I have shown elsewhere, the Egyptians 
had v«cy considerable knowledge of mathematics and were 
capable of making abstruse calculations. Ostraca covered 
with figures are frequently found, but little can be learned 
from these detached fragments. In the writer's collection b 
an ostracon on one side of which is an extract fr'om a literary 
work^ a full copy of which is preserved in a papyros which » 
now in Russia, and on the other side is an exerase in numbm, 
the numerals from i to 70,000 being written in their hieratic 
forms in units, tens, hundreds, etc. Arithmetic, and especially 
W(rights and measures, play a prominent part in the pap^ 
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and ostraca containing accounts of which innumerable specimens 
have 1)660 found. 

With rogard to Eg^tian lesson-books in general, it may 
be said that most of the texts so preserved to us are very 
corrupt, and contain all the offences against grammar and 
spelling which the schoolboy has kept as a living tradition 
throughout the ages. Corrections by the teacher’s hand are 
often to be seen in the margins, and it was customary for the 
pupil to write the date in red ink at the termination of each 
day’s lesson. The writing is, generally speaking, very good. 
The pupil was required, naturally, to write his exercises in his 
very best handwriting, and consequently the school-books are 
easy to read, far easier than the very cursive and ligatured 
writing of the professional scribes, as we see in the many 
juristic and business documents which have survived. The 
writing of actual letters (that is to say real letters missive, as 
opposed to the model letters described above) is often extremely 
difficult to decipher. In idle moments the schoolboy fre¬ 
quently drew pictures of animals, etc., in the margins of his 
l^k, and indulged in aimless scribblings. 

The tuition m Egypt seems to have been carried out by 
professional scribes in various administrative offices to juniors 
whose status must have been very like that of apprentices. 
In the temple-schools the teaching was done by priests. We 
have no information as to the details of the schools, but from 
many indications we may gather that discipline was strict, 
and was rigidly enforced. We may merely quote a sentence 
in the Papyrus Anastasi III in support of this view : “ A boy’s 
ears are on his back; he hears when he is beaten,” says the 
teacher. 

The papyri described above and the comments we have made 
thereon refer to the period of the Eighteenth-Twentieth Dynas¬ 
ties. When we come to later times we have some scraps of 
evidence of another kind to consider, but before going on to 
these we may mention in passing that books of reference were 
compiled, doubtless for educational purposes, and these include 
vocabularies, or classified lists of words. The most important 
of these glossaries have not yet been published, so that in the 
meantime we may merely note their existence. 

In the spring of 1884, whilst exploring the ruins of the 
city of Tanis in the Delta (the Skn of the Old Testament) Sir 
i^ders Petrie found the charred remains of a batch of papyri 
in the debris of a house that had been burnt. Amon^t these 
charred remains was one papyrus of quite exceptional inteoeat, 
and with almost incredible patience and skill Prof. Griffith 
pieced the blackened fragrnents together and deciphered them, 
the resulta of his labour Ming pubtMied by the E^pt £3q;^ora- 
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^on Society in a special memoir, llie papyrus is of late date 
(Greco-Roman) and contains a list of well-drawn hier<^lyphs, 
sHth an explanation written in hieratic against each sign. It 
is the first and only native list of hieroglyphs which has come 
down to us. The first sign is the bee, a royal emblem, and it is 
followed by a number of signs representing human beings in 
various attitudes. These are succeeded by the frog, fishes, 
reptiles, and various other animals. For a space the classifica¬ 
tion is not so definite, but it is resumed in a series of parts of 
the human body and parts of animals. The sky, sun, £md 
moon follow next, then the earth, after which classification 
ceases and the remaining signs are presented in quite arbitrary 
order. The two first columns, namely the hieroglyphs and 
their hieratic equivalents, have an obvious educational value, 
and the notes in the third column, which give either the 
phonetic value or meaning, is doubtless intended to convey 
the names by which the signs were generally known or might 
be recognis^. Professor Griffith in commenting on the 
papyrus says " the need must have been felt in Egj^t for 
some means of distinguishing hieroglyphic signs viva voct, 
both in the schools and in ordinary life. Names must therefore 
have been attached to the immense hieroglyphic syllabary, and 
taught with care, from the earliest times. If we consider the 
third column as devoted to the names of the signs, we shall find 
a fair explanation ” {Two Hieroglyphic Papyri from Tanis^ p. S^. 

After the Twenty-sixth Dynasty (about 650 b.c.) hieratic 
writing gradually gave place to a later and still more cursive 
script known as demotic, and in Ptolemaic times demotic was 
used almost exclusively for all but religious purposes. We have, 
however, no demotic school papyri corresponding to those de¬ 
scribed above—^the hieratic papyri of the Eighteenth-Twentieth 
Dynasties, but a few ostraca have survived which are of extreme 
interest in the history of education. These ostraca, several 
of which are known, are inscribed with paradigms and are 
actual lessons in the conjugation of verbs. To those already 
known another has been added and recently published (N. 
Reich, Journal of Egyptian Archceology, vol. x, p. 285), and 
coniugates the past tense of the verb “ to say.” The order 
is the same as that which we should use in a modem grammar- 
book, i.». I St person ; and person, masculine and feminine; 
3rd person, masculine and feminine: and similarly for the 
plural. 

” Singular. I said. 

Thou saidst fmasc.). 

Thou saidst (f»n.}. 

He said. 

She said. 
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Phtral. We said. 

Ye said. 

They said." 

When Christianity was introduced into Egypt, demotic 
writing finally gave place to Coptic. The Coptic language is 
the ancient language of the hierogl}rphs (Neatly modified 
of course by the lapse of time, just as modern Italian differs 
from classical Latin), written in Greek characters, but with six 
additional letters borrowed from demotic to represent soun^ 
not known in Greek. The Coptic Christians often took pos- 
session of the great tomb-chambers of earlier ages and occupied 
them as houses, churches, and schools. The famous tombs of 
Beni Hasan which date from the Twelfth Dynasty were so 
occupied, as many Coptic graffiti on the walls prove, and in one 
of them. Tomb No. 12, is a most interesting Coptic inscription 
which is a spelling lesson. The original, a reduced facsimile of 
which is here reproduced, is roughly and irregularly traced, 
and is partly effaced, but it is easy to restore the missing parts 
of the columns. 

In the first register are three columns, the “first of which 
contains the Greek alphabet (written with the characteristic 
Coptic forms of the letters) in its normal sequence. In the 
second column is the same alphabet written backwards, and in 
the third it is written in an arbitrary order thus : the first letter 
and the last, then the second letter and the penultimate, and 
80 on ; but with an error, for E is out of place, which upsets 
the true order. These three columns are evidently for teaching 
the alphabet, for the pupil had to know each letter, and to be 
able to recognise each in its normal order, then bacliwards, and 
finally in a promiscuous order. 

The second register and the fiirst eight columns of the 
third are occupied by simple two-letter syllables each composed 
of a consonant and a vowel. Each consonant is combined with 
each vowel in turn, but again an error has occurred, for the 
positions of «* and p are transposed. 

The remainder of the third register, and cols. 1-7 of the 
fourth, sets out another series of combinations. Here we 
have three-letter syllables, all beginning with and ending 
with the consonants in order from $ to f. Thus the series is 
incomplete, as the final consonants from ir to are wanting. 
The column ending in C is out of order, being placed, as it u, 
between y and S. The next series, which extends from the 
dghth column of the fourth roister to the fifth column of the 
kit register, is a similar set of compounds beginning with 7, 

> jta ISiese paragraphs tha Greek type equivalents are used f(»r the Coptic 
fenoBS on the otigbal, m being more easily understood. 




of the same type, beginning with £, was commenced in the 
last three o>lumns of the lowest register, but this comes to a 
memature end through lack of space after the group 
It may be noted that the last two series, and ai« 
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ETOceded by the simple combinations ya and Ba, but the 
mst series jaafi omits this introductory column. 

This table is of the ^eatest interest, for it shows a method 
of teaching exactly similar to our g-o — “ go,” c-a-t — ” cat." 
The table is full of mistakes, some of which we have pointed 
out, and to these we may add that 0 in cols, i, 2, s, and 8 is 
written <*»; in col. 3 is written backwards ; in the last 
column of the fifth register ymp is written in the first line 
instead of yap ; and finally in the fourth register the ruling 
cuts the syllable yay after the second letter, to remedy which 
another line was traced to divide the column from the one in 
front of it, which has two letters only. 

We may also note that the six Coptic letters, which are 
not employed at all in the table, are written at the foot of 
cols. I-3 of the third register. 

From the above remarks it must be admitted that from 
material at present available we can do no more than indicate 
some general facts r^arding education in Eg3rpt. Perhaps 
future discoveries may enlighten us as to the exact manner in 
which the alphabet, syllabary, and grammar were taught in 
ancient times. Although unknown to us, a method, and a very 
efficient one, must have been devised and used, otherwise the 
innumerable hieroglyphic, hieratic, and demotic texts now 
available to scholars could never have been written. 



NOTES 


OovcBUMBt tad BesMceh 

The Government Estimates for this year provide the sum 
of no less than 44,045,000 for " scientific research.” This 
figure is surprising ; but, so far as can be ascertained, half the 
sum will go to the principal Departments of State for technical 
investigations connected with ships of war, aeroplanes, artillery 
and so on, while much of the remainder will fall to the 
” Research Boards ” concerned with such subjects as building- 
material, forestry, fuel, engineering, and geology, and to the 
National Physical Laboratory, to agriculture, and to the office 
of Works, for similar studies. It is to be doubted whether 
much more than one-tenth of the total sum is spent upon " pure 
science,” even if we include medical and veterinary investiga¬ 
tions under this heading. Researches on aeroplanes, guns, 
crops, cattle, and so on are veiy important, but can scarcely 
be classed with those aimed at discovering the general laws of 
nature concerned with matter, force, life, and disease—even 
though the latter studies often prove to be practically useful. 
What proportion of the laige total sum ever yields much 
fruit remains doubtful. 

Hm latastEial bstitate 

We have received the following prospectus regarding thn 
movement: 

The Industrial Institute represents no partisan interest; 
it has no axe to grind. Its programme is comprehensive and 
far-reaching. It is believed that no other organisation has 
attempted to cover the same ground. It affords opportunities 
for men and women of every variety of outlook to meet and 
consider how every kind of question, touching industry and 
its bearings on life, may be dealt with in the national interest. 
It is not concerned to maintain private ownership, nor to 
develop public ownership, but simply to study things as they 
are, and to organise an approach in the mood, and by the 
method, of Science towards those fundamental problems of 
industry which tend to divide men into opposing camps to the 
detriment of the nation and of every individual. 

It embraces men and women of position in Science and State* 
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craft, in Religion, Ethics, and the Arts, as well as those respon¬ 
sible for affairs in Manufacture, Distribution, and Finance. 

The moral sup^rt of the leaders of the scientific world, 
including the heads of the Universities, is of immeasurable 
value, since it establishes beyond all question that the Institute 
,is a scientific and not a political nor a propaganda body. Their 
presence will, further, guarantee that the institute will maintain 
that position. 

Within the term " Industry ” it includes not only the 
making of commodities but the marketing of them, and abo 
the financing of both those interdependent processes. It 
includes, also, the industries of agriculture and fishery. 

It believes that the one effective bond of union between 
conflicting interests which will stand the strain of controversy 
is to be found in the desire for knowledge ; and it is hoped that 
association in the pursuit of knowledge may tend to unite in 
sympathy and in mutual understanding those who take part 
in it. 

It proposes to develop the science of descriptive economics, 
to unravel present-day tendencies, and to strengthen the 
foundations of industrial ethics. 

It assumes that industry is made for man, and not man for 
industry. It conceives that the object of human life is the 
development of freedom and happiness. It believes that happi¬ 
ness is to be found in the enjoyment of the good, the true, and 
the beautiful. 

It believes that among the multitude of present-day problems 
the most pressing is the relief of unemployment, and the 
stabilisation of employment. 

It proposes to begin, and to follow up, its work along four 
main paths, namely : (i) the study of the possibilities of indus¬ 
trial development throughout the Empire ; (ii) the investigation 
of the problem of an industrial development which shall be so 
adjusted and balanced that the irregularities of trade may be 
reduced ; (iii) the formulation of the fundamental problems of 
industry with a view to the promotion of national clearness of 
thinking; (iv) and inquiries into such specific questions of 
detail and of met as it may find means to prosecute. 

It believes that the longer anyone considers its possible 
scope the larger will become the view as to its probable use¬ 
fulness. 

. The ideal is to form within the Institute a body of persons 
so knowledgeable, and of so varied ah experience in industrial 
and other affairs, that, collectively, they can obtain access to 
every source of information, and create a body of knowledge 
so exact, and so widely based, that neither industry as a whom, 
nor any section of it, nor any Government will be able to afford 



IM SCIENCE PROGRESS 

to reach conclusions without reforence to it for information 
and for the use of its collective experience. 

Hie Institute has now over 230 members, every one being 
a representative and responsible person. The work of the first 
yemr, just concluded, has, mostly, consisted in securing the 
mterest of those members. Their names show a widespread 
be^ef that useful work can be done on the lines suggested. The 
time has come when steps must be taken to raise the necMsary 
funds to enable the scheme to be tried out. A trial period of 
not less than four years should be provided, to give the plan 
a fair chance, and to carry out the ideal of those who founded 
the Institute. The movement has been carried to this poin^ 
with a total expenditure of the sum of ^£357 17s. ^d, 

Ite Pcaetioal AppUoatioii ol the SdenoM 

In The Times of May last Lord Raleigh says that “ Scientific 
investigations of obscure phenomena have not, as a matter 
of history, been made from utilitarian motives at all, but from 
motives of intellectual curiosity.” We have often contested 
this point in Science Progress. Surely the history of science 
shqws that much investigation has been promoted by utilitarian 
puiposes. We may mention almost the whole of medical 
science, which is aimed at the very utilitarian purposes of 
preventing or curing disease. Early geometry was, we are told, 
created in the interests of architecture, and tr^onometry in the 
interests of navigation. Surely also a very large part of chemistry 
is now being studied in the interests of manufactures and for 
other practical purposes. Astronomy and physics are perhaps 
above, or below, utilitarian motives ; but one never knows when 
advances in any one science may not prove to be practically 
useful to the human race—^as, for instance, in the case of elec* 
tricity ; and we believe that workers in these lines frequently 
have a subconscious feeling at least that their work m^ confo' 
some practical benefit on mankind in the future. There is 
nothing dishonourable in utilitarianism. 

ISm flM»>NMnoiiMiuni in Smallpox (B. B.) 

Some years ago I wrote a note in The British Medical Jowmal 
on what I called ” The Flare-phenomenon ” in epidemics, 
derived from a mathematical study of epidemics in ^eral. 
By tUs phrase I meant the sudden upward rise of toe ]^- 
shaped curve which is given by the daily records of new cases 
in nearly all epidemics, a curve which b derived from the 
int^iration of the differential equation constructed by me 
(Proceedings, Roycd Society, 1916, ipi?}* No notice was tali^ 
of these papers in this country (though the AmoicaiB Are 
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morld^ at the subject); but the steady increase of smallpox 
in Britain, owing to the neglect of vaccination during the last 
few years, is now threatenmg a " flare-phenomenon ” of this 
horrible disease among us. If it occurs, it will be solely the 
cranks and the politicians who will be to blame. 

pirt lmtl fVwiTinnff 

In Tie Times of May 22 Prof. Sir W. J. Simpson, 
M.D., writes : “ In reading in The Times the names of the 
members of the Conference on Sleeping Sickness now being 
held in London, it has surprised me, and must have surprised 
many others, to notice that the group of distinguished men who 
elucidated the etiology and the mode of spread of this terrible 
scourge are not mentioned.” Our more civilised neighbours 
across the Channel place the portrait of Pasteur on some of their 
postage-stamps : imagine the English doing anything of the 
Irad ! On the contrary, it seems to be a principle of administra¬ 
tions with us even to exclude as much as possible from our 
medical councils the very men whose researches created any 
given branch of knowledge, while other people are frequently 
allowed to swarm in and direct the disposal of the scanty funds 
which we allow for such purposes. One wonders how much 
public money has been wasted in this way. 

Iba Hdigkm 0! a Darwinist (R. R.) 

Everything written by Sir Arthur Keith, F.ItS., is welcomed both for 
its wisdom and for its style. His Conway Memorial Lecture with the above 
title delivered at South Place Institute on March 26, 1925, with the Rt. Hon. 
J. M. Robertson in the chair, is no exception to Sir Arthur’s usual contributions 
to thought, and has been printed in a small volume by Watts & Co., Fleet 
Street, E.C.4. The chairman began very wisely by showing that the word 
nHgion may imply the scientific conclusions of a writer rather than any 
demoite system of so-called belief, at least those held by most people. Su: 
Arthur says that ” somewhere between the basement and the attics of that 
home in which we lead our mental lives there is an apartment which most 
men and women keep under lock and key.” It is there that he has evidently 
kept a " private still ” in which he has for many years been secretly fermenting 
a certain strong drink of thought, ultimately maturing it into a perfect wine 
of wisdom. Everyriiing in &e lecture is most delicately put. ” The Dar¬ 
winist's biUe is the great book of nature. Creeds will come and go, bat this 
Is. the book which will endure as long as life lasts,” he says. ” Man has 
climbed up the ladder of civilisation, Imt it is the same old body and tiie 
same <dd brain which he has dragged with him. Every one of ns is the 
descendant of a member of a hunting pack. Our bodies and minds were 
evcflved in the environment of hunting and fighting daring an uncountable 
niUttber of generations. Our brains ore equipped for such a manner of living. 
It was then ihat the inner sanctuary of our mental lives ran riot with the hob- 
fcMias of superstition.” ” There has betm progress; a truly ra|dd and 
marv^toas progress it has been, but we have brought with us the old brahn 
eiid 'din old heart from primitive times Every child is still bom a Mvage; 
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hia tide in life is to dimb tlia ladd^ of chrilisatkm/* To this ptoAmm wmf 
bo added the dictum of Meredith, that the last tiling to be emmod by men 
wQl be urmnen 1 Perhaps, however, it may be more truly said that the last 
thing to be civilised by men like Keith will be the vast masses of the meh who 
are unlike him. 


Ipasloiii IMdenoe 

In The Timss of January 2, 1025, Mr. A. A. Campbell Swinton, M.I.C.E.» 
F.R.S., contributes a very interesting letter on the subjects of N "-rays and 
of the acceptance of spurious evidence even by men of scientific distinction 
This letter has a close bearing on numerous articles which appear in the lay 
press, in which such gentlemen still seem often to accept almost anything 
that is told them. 

Sir,—Before the interesting, but, I fear, necessarily inconclusive, corre¬ 
spondence on the value of evidence in telepathy and suchlike phenomena 
closes, may I draw attention to the strange story of the " N "-rays—a story 
which in its entirety is little known, but, as it seems to me, is most instructive, 
in showing how little reliance can be placed upon evidence in regard to 
phenomena which can only be perceived by certain individuals and not 
always even by them, evidence, however, put forward, confirmed, and 
accepted by experts of the highest repute, whose bona fides is beyond question ? 

It was some twenty years ago, a few years after R6ntgen*s discovery in 
Germany of the X-rays, and Becquerers discovery in France of radio-activity, 
that one of the most curious episodes in the history of modem science took 
place in France. Professor Blondlot, a well-known professor of physics in 
Nancy, who had done excellent work in other directions, announced that he 
had discovered another, and new, description of radiation, which he named the 
" N "-rays. With these rays, which he stated were emitted by nearly all 
bodies in a state of strain, he daimed that he could see in the dark, and with 
them he even professed to be able to produce a line spectrum. Sir William 
Crookes, Lord Rayleigh, and others in this country tried to repeat Blondlot's 
experiments, but no one had any real success. 1 can well remember my own 
exceeding disappointment at my failure to obtain the slightest result after 
prolonged and strenuous endeavours. Sir William Croolm even went out 
to Nancy specially to see the rays. He was shown a spectrum which was 
produced by a prism, and was told that if he would turn a handle connected 
with the prism, so as to cause the latter to rotate, he would see the spectrum 
and its lines move. As a matter of fact he saw neither spectrum, nor lines, 
nor aa3rthing at all. He did not turn the handle, but made a pretence of 
00 doing, whereupon the other observers pointed out to him how the spectrum 
and the lines were moving. Sir William Crookes came back hnom France 
quite unconvinced of the existence of these wonderful rays, but he was too 
polite to publish any account of hia experiences. In France, however, a 
number of distinguished French men of science continued to believe in them, 
so much so that the Academic des Sciences—^a body that corresponds to our 
Royal Society-*^solemnly presented Professor Blondlot with a gold medfl 
lor his discovery. 

Then came the dSnouomeni, when Professor R. W. Wood, Professor of 
Physics at the Johns Hopkins University, Baltimore, a very wdl known 
physicist, and now a foreign member of the Royal Society, came on a v^t 
to Europe, and thought he would like to see the^ remarkable rays. I hava 
the sequel from Professor Wood himself. He went to France, and, like 
Crookes, was shown the spectrum of the " N "-rays produced 1 ^ means cti 
a prism. Professor Wood himself, again like Crookm, could see nothing, 
but the French soieiitists, assembled at the gathering, saw, cr, at eoymtsw 
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ptokmed to tee, the spectrum, and the remarkable thing was that they 
ccmtintted to see it even after Professor Wood, taking advantage of the 
complete darkness in which the experiments were being shown, had surrepti- 
tioiisly removed the prism out of the apparatus and put it in his pocket. 

Nowada3r8 one never hears of the " N^'-rays, and I do not think that they 
are even mentioned in any modem scientific book. Professor Wood, by his 
perhaps rather venturesome action, gave them their quietus. Probably the 
phenomena were due to some peculiar form of self-h3rpnotism. It must, 
however, have been mass self-hypnotism, as many were successful. No doubt 
the observers were perfectly genuine, but what they saw, or thought they 
saw, was subjective and not objective. 

Now, all modem physical science is built upon experimental results which 
any normal individu^, employing the necessary apparatus, is able to <^firm 
for himself. All other results must be subject to a certain amount of legitimate 
suspicion, and the story of the ** N "-rays shows how even the highest authori¬ 
ties can 1^ deluded into believing in phenomena which have no real objective 
existence. 

Yours faithfully, 

A. A. CAMPBELt SWINTON, M.I.C.£« 

Westminster, 

December 29. 


of Eoniltbiltim of nnid Kmsss under Tidal Stress (W. B. Orowfher* 

^•) 

A body of fluid under the attraction of another mass must assume an 
elongated form, because one side is nearer to the attracting mass than the 
other and is therefore subject to a stronger distortional stress. 

Though distorted, the volume of the body remains constant; the 
girth therefore decreases, all longitudinal sections becoming oblongs with 
curvilinear perimeters. 

Since the ellipses are the only curvilinear oblongs which have constant 
relations between their areas and the products of their major and minor 
axes, the sections must be ellipses and the body an ellipsoid. 

Ilie following physical considerations confirm the foregoing. 

Slongation of the mass is accompanied by a primary tendency to heap 
the fron^ waters and produce an ovoid form. The eflect is enhanced by the 
fact that at the rear attraction assists gravitation and tends to flatten the 
S{d^cal surface. Consequently, a tendency to displace the centre of gravity 
inwards towards the source of attraction arises, but this point being restrained 
to Its course or orbit, the mass itself will shift outwards until balcmced about 
the centre of gravity. 

We must now consider whether the ovoid will retain its form under the 
•tresses mentioned. 

If from the centre a pair of radii be taken towards the ends at the same 
angle with the axis, as representing lines of force, it will be seen that one acta 
on, the surface pailicles at a greater advantage than the other, and that 
fluid will, therefore, be translated from tilie broader to the narrow end, until 
equality of volume and similarity of contour be readied. 

Fuiuer and alternatively, if the mass be imagined to consist of an infinite 
number of parallel plane ovals, it will be seen that their centres of gravity 
do not lie in a straight line. This condition cannot persist because the 
points attract each other and become a straight transverse line contaiiyjsg 
the centre of gravity of the mass. The result is that the front narrower 
ittifaoe is rounded outwards and the back surface retracted into oonfoniiity. 
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The annual elections of officers of the chief scientific societies 
have resulted in the following presidential appointments : 


Itoyal Astronomical Society. 
ito3«l Microscopical Society. 

Chemical Society .... 

Institute of Chemistry 

Geological Society .... 

Meteorological Society 

Institute of Mining and Metallurgy 

Institution of Petroleum Technologists . 

Physical Society. 

Optical Society . . 

Ray Society. 


Dr. J. H. Jeans. 

Mr. A. Chaston Chapman. 
Dr. A. 'W. Crossley. 

Prof. G. G. Henderson. 
Dr. J. W. Evans, 

Mr. C. J. P. Cave. 

Sir Thomas H. Holland. 
Sir Thomas H. Holland. 
Mr. F. £. Smith. 

Mr. T. Smith. 

Prof. W. C. MTntosh. 


The Faraday Medal of the Institution of Electrical En¬ 
gineers has been awarded to Sir J. J. Thomson. 

Dr. J, H. Jeans and Sir W. H. Ellis have been appointed 
members of the Advisory Council to the Committee of the 
Privy Council for Scientific and Industrial Research. 

Sir John E. Russell, Director of the Rothampsted Experi¬ 
mental Station, has been elected a corresponding member of 
the Paris Academy of Sciences. 

The Prince of Wales has consented to act as President of 
the British Association for the meeting at Oxford in 1926. 
The meeting will be held during the last week in July or the 
first week in August. The meeting this year at Southampton 
takes place from August 26-September 2, Dr. Horace Lamb 
being President. 

Our obituary list this quarter is exceptionally long, and 
contains the names of many whose passing over leaves very 
con^icuous gaps in the ranks of science workers. It includes 
Sir Thomas Clifford Allbutt, Regius Professor of Physic in the 
University of Cambridge ; Mr. W. W, Rouse -Ball, mathemati¬ 
cian ; Dr. W. Borchers, Professor of Metallurgy at the Technical 
Institute, Aix-Ia-Chapelle j Dr. J. Cleland, F.R.S., Emeritus 
Professor of Anatomy in the University of Glasgow | Sir A, 
Critchett, ophthalmologist; Prof. A, Dendy, zoologist; ^ 
Rickman Godlee, surgeon; Prof. W. A. Haswell, F.R.S., 
Emeritus Professor of Biology in the University of Sydney; 
OUver Heaviside ; Dr. W. F. Hillebrand, Chief Chemist of the 
U.S. Bureau of Standards; Prof. W. H, Julius, physicist of 
the University of Utrecht; Dr. E. E. Klein, F.R.S., bacteriolo¬ 
gist ; Dr. N. Kulchitsl^, histologist y Dr. W. Mclnnes^ formerly 
Director of the Geolt^cal Survey of Canada; Sir William Peck, 
Director of Edinbuivh Observatory ; Mr. T. H. Powell, micro- 
scopist; Sir David Salomons, electrical engineer; Sir T» 
Edward Thorpe, chemist; Prof. A. von Wassermann, patludo^ 
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gist; Mr. W. Watson, lately Curator of the Royal Botanic 
Gardens, Kew ; Mr. C. H. Wordingham, past President of the 
Institution of Electrical Engineers. 

Recently the Royal Society proposed to sell or to exchange 
a number of old books, not directly connected with science, 
which were presented to it on January 2,1666-7, by Mr. Henry 
Howard “ with the library of Arundel House, to dispose there¬ 
of as their property.” Discussion on this proposal has occurred 
in The Times recently (see April 30), and it has been argued 
that the word ” dispose ” then meant “ to place or arrange,” 
and not ” to sell or get rid of,” as it does most commonly to-day. 
The apartments of the Society at Burlington House are so 
small and its subsidy received from the nation so niggardly- 
considering its importance—that we are glad it finds itself free 
to do as it pleases in the matter. Many academies of science 
pay their members ; ours is so poorly treated that it is obliged 
to obtain subscriptions from its fellows—the British have an 
antediluvian way of looking at all scientific matters. The 
Society exists to augment “ natural knowledge,” not to collect 
old books ; and we are glad that it raised £14,749 by the sale 
of those referred to. 

The Trustees of the Captain Scott Memorial Fund have 
given £13,000 to the University of Cambridge for the use of 
the Polar Research Institute recently established at that 
University. It is hoped by its founders that this Institute 
will become a depository for the records and equipment of 
polar expeditions, and a centre for the collection of data and 
experience which might be helpful to future expeditions. The 
funds at the disposal of the Institute are entirely insufficient 
to enable it to be responsible for any direct exploration. 

The second session of the Summer School for Post-graduate 
Mathematics, organised by the Extra-mural Department of the 
University of Manchester, will be held at University College, 
Bangor, from Monday, August 24, to Saturday, September 5. 
The object of the school is to afford facilities for advanced study 
in mathematics to teachers and others who have read mathe¬ 
matics for a university degree. The following three alterna¬ 
tive courses are proposed, each one consisting of twenty lectures 
of one hour each, two lectures being taken on each of ten 
mornings: 

Atomic Structure and the Quantum Theory, by Prof. Sydney 
Chapman, M.A., D.Sc., F.R.S'.; Theory of Functions, by Prof. 
L. jf. Mordell, F.R.S.; Higher Geometry, by Mr. H. W. Rich¬ 
mond, M.A., F.R.S. 

Details of the fees, hostel accommodation and syllabuses 
may be obtained from Miss D. Withington, The University, 
Manchester. 
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A most successful meeting of the International Geographical 
Congress took place at Alexandria and Cairo during the period 
Mar^ 28-April 9. The British delegation was headed by 
Sir Francis Younghusband. On the evening of March 28 
King Fuad received the congress at his palace, and on April 3 
the Jubilee of the Royal Geographical Society of Egypt was 
celebrated by the delegates. The next meeting will be held in 
j^^nd in 1928. 

The Pasteur “ badge " day organised in France in May 
1923, as part of the Pasteur centenary celebrations in aid of 
scientific work, yielded 9,000,000 francs, and an additional 
3,000,000 was subscribed to a fund managed by the MaUn, 
lliis latter sum has been invested and the interest will be 
used for prizes and grants for scientific work. The main fund 
has been distributed by a Committee of which M. Emile Picard, 
permanent secretary of the Paris Academy of Sciences, was 
chairman. Rather more than 2,000,000 francs is allotted to 
physics, 1,000,000 being ear-marked for the construction of 
a large electromagnet for the Paris Academy ; 1-3 million is 
given to chemistry and i*i to astronomy, the remainder being 
distributed among the other sciences. 

The organisation of a “flag” day in aid of the scientific 
laboratories indicates that the interest in science in France is 
more widespread and more practical than in this country. That 
the interest is most probably in the success of French science 
does not lessen its usefulness as an example to the rest of the 
world. This interest is indicated also by the publication of 
two most imposing volumes entitled, Histoire des Sciences en 
France, being volumes xiv and xv of a Histoire de la Nation 
Franfaise, edited by Gabriel Hanotaux of the Academic 
Fran^aise. (Published by Plon-Nourrit et Cie, 8 rue Garanci^, 
Paris, for the Soci6t6 de I’Histoire Nationale.) Each of these 
volumes contains over 600 quarto pages, and is plentifully 
illustrated by woodcuts of old prints and by coloured plates 
(these mostly rather trivial). The first of the two volumes deals 
with the physical sciences, the second with biology and philo* 
Sophy. &jhuster and Shipley, in their book, Britain’s Herik^e 
of Science, attempted something on this plan for English 
science just after the war, but the means at their disposal wem 
inadequate for an undertaking on the scale of the volumes 
under review. That would be a possible and worthy task for 
the Royal Society to put in train. A most pleasant feature of 
this French history is the constant reference to the work of 
men of other nationalities which has touched upon or rendered 
possiUe the achievements of France. 

In a letter to Nature (April 18), Prof. Michelson and Prof. 
Gale gave brief details of results they had just obtained from a 
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new interference experiment designed to test once more whetho- 
the aether near the earth's surface is at rest, or in motion relative 
to that surface. A beam of monochromatic light was split into 
two parts, one of which travelled clockwise, and the other 
counter-clockwise round a rectangular path 3,010 by 1,113 
Since experiments in the open air on this scale are impossible, 
on account of the effects of atmospheric disturbances, the light 
was passed through a 12-in. water-pipe containing air maintained 
at a pressure of J in. of mercury by a 50 horse-power pump. 
The result showed that the beam travelling counter-clockwise 
was retarded behind the other by 0*2 30 of a fringe. Hie 
theoretical value on the assumption of a stagnant aether is 0*236 
of a fringe in the latitude in which the experiment was per¬ 
formed. 

The conclusions drawn from the famous experiments of 
Michelson and Morley were just the reverse of this, the results 
indicating that the aether near the earth travels with it. Com¬ 
ments on the new results are, as yet, very few. Letters from 
Larmor and Jeans appeared in Nature for May 2. Prof. Larmor 
considered the result inevitable if the atoms of matter subsist 
in a universal medium as independent small structures, and 
regrets that the uncertainty in the result is twelve times too 
great to provide an independent means for the determination 
of the aberration constant. Dr. Jeans pointed out that the 
experiment indicates that the velocity of light is the same to 
I part in ro" whether the light is travelling in the direction 
of the earth's rotation, or in a contrary direction. This result 
he claims to be in accordance with the relativity principle. He 
considers the experiment to prove the absence of an sether 
moving with the earth and to leave open the question of the 
existence or non-existence of a stagnant sether. 

The controversy between Prof. McLennan and Prof. Vegard 
regarding the origin of the green line in the spectrum of the 
aurora has been carried a stage further by two communications 
from McLennan to Nature (March 14 and April 25). In the 
first, a cable, it was stated that a line had been observed in the 
spectrum of a mixture of air and helium (the latter being in 
excess) at 5577 ^0*15, which was considered to be identical 
with the green auroral line. A mixture of oxygen and helium 
showed the same line, but brighter. It was not observed with 
pure oxygen, nitrogen, hydrogen or helium, and in no other 
combination of two of tnese gases. A long discharge tube 
partly immersed in liquid air was used for the experiments, the 
best results being obtained at a pressure of s mni. of mercuiy. 
The second communication took the form of a letter signed by 
Rpqf. I^Lennan and Dr. Shrum, in which it was stated that 
tltt tl^e could be obtained at room temperature under suitable 
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coadit^na ol pressure and that it probably has its or%tn in 

oayjgi^. 

The British Non-ferrous Metals Research Assodation has 
issued a Report containing an admirably clear account of the 
researches in progress, or completed, designed to assist the 
commercial work of the members of the Association. Several 
of the researches deal with copper and brass, others with 
aluminium, zinc, lead, and nickel. The engineering industries 
will doubtless be attracted by the study of the prevention of 
wastage of locomotive fire-box stays and the search for alloys 
suitable for high temperature service and the work on die- 
casting allo}^. 

The investigations on the soldering and brazing of metab 
and on atmospheric tarnishing and corrosion should interest 
even wider circles, particularly the building industries, and 
even the eventual public or private user of metal construction 
and appliances. 

The Association has already obtained such support from the 
industry, increased pro rata by a grant from the government 
Research Department, as to be able to expend this year £16,000 
on these researches. Now that it is firmly established, it is 
anxious gradually to become self-supporting by an accession 
of new members from the non-ferrous industry itself, and from 
the engineering and other users who stand to benefit by the 
results of its labours. 

Mr. Murray has publbhed two more of the monographs 
on the Mineral Resources of the World, prepared by the Im¬ 
perial Institute. This time the metals dealt with are Bismuth 
(by Robert Allen, M.A., B.Sc. Price 3s. 6 d. net), and Antimony 
(by Edward Halse, A.R.S.M. Price 5s. net). In the first of 
these two monographs it is stated that, in pre-war da3rs, most 
of the bismuth compounds required for industrial purposes were 
{H^pared at Schneeberg in Saxony, but that since then nearly 
all the Bolivian and Australian concentrates, i.e. the bulk of 
the world’s supply, have been treated and refined in England. 
The price has fluctuated round 1 is. per lb. since 1914; in 
1924 it fell to 8s. 6 d. The metal and its compounds are used 
chiefly for.medicinal, surgical, and toilet purposes, in making 
fusible alloys and in pigments for painting porcelain, etc. 
an impurity in other metals it has remarkable effects <m 
their brittleness and electrical conductivity; thus, one part 
of bismuth in 8,000 of gold renders the latter unworkable. 
Antimony is a much more useful metal, especially when alloyed 
with others^ as, for example, in Britannia metal, and in bearing 
or anti-friction metals. It is of fairly common occurrence, 
but nearly all the world’s consumption is supplied from the 
{KTovinoe jof Himan, South China, the most unportant depoiit 
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being that at Hsi-K'tiang-Shan, which is estimated to contain 
two million tons of the pure metal. The field is in Chinese 
ownership. There are also considerable deposits in Algeria and 
the mines in that district provided most of the metal used by 
France during the war. 

All men of science will much regret to hear of the death of 
Viscount Leverhulme on Thursday, May 7, after return to 
England from several months’ travels in the tropics. Lord 
Leverhulme was a generous patron of science. He gave a 
considerable sum to the Liverpool School of Tropical Medicine 
many years ago, and has helped other movements. Besides 
being a consummate man of business, he was also a man of 
wide intellectual and artistic sympathies. 

On January 21 Mr. A. Chaston Chapman, F.R.S., President 
of the Royal Microscopical Society, delivered his excellent 
address on “ The Yeasts : A Chapter in Microscopical Science.” 
It contains a very interesting quotation from a paper by 
Martin Folkes in the Philosophical Transactions of the Royal 
Society of the year 1723, describing the microscopes used by 
Leeuwenhoek fifty years previously. Some of these, with 
specimens, had been presented to the Royal Society, but dis¬ 
appeared mysteriously when the Society moved into its present 
quarters. 

Everyone was very glad to learn that the church at Stoke 
Poges, which was the scene or locus of Gray’s famous Elegy, 
has been saved from neighbouring desecration at the hands of 
builders, by means of public subscriptions amounting to £4,500, 
which enable the vicar. Canon A. T. Barnett, to purchase the 
threatened land, and to give it over to the National Trust 
{Times, April 20, and May 6). These subscriptions came from 
all parts of the world in response to his appeal, and indicate 
the continued popularity of the great Elegy. What is the 
reason for this popularity ? Because, unlike nearly all other 
lyrics, ancient or modem, the poem is so carefully clarified in 
subject, phrase, and music that it is a perfect crystal of beauty. 
A poet inay feel himself inspired to any degree, but without 
such meticulous filtration as Gray gave to his Elegy the result 
may be only a poor decoction. We have many modem rhap- 
sodists, but the poet is something much more than that. 

. The Ross Institute and Hospital for Tropical Diseases, 
mentioned in previous issues, has now collected within two 
years half the money originally asked for, which was £50,000 ; 
and it has bought a fine house with two acres of ground at 
Tibbet’s Comer, on Putney Heath, and hopes to start work 
very soon. At the same time we hear from The Times (May 3) 
tibat the Con^^vgational Forward Movement Fund, wnich 
ibf; tm times the amount mentioned above, received 
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over £xsi,ooo " in about twenty minutes/* thus completing the 
desired total. ^ 

Our new contemporary, £as^ Africa, for April contains a 
very interesting lecture delivered before the Royal Colonial 
Institute by Mr. C. F. M. Swynnerton, Game Warden of the 
Tang^yika Territory, on " The Problem of the Tsetse Fly.*’ 
" \^re it a human enemy that was occupying our territory and 
oppressing us,” said the lecturer very appositely, ” no effort 
and no expenditure would be too great for its dispossession. 
Why, because it is an insect, should we suffer it more patiently ? ” 
Because, we reply, the human race in the mass, including the 
politicians, has not yet evolved sufficient brain-power to under¬ 
stand that it is worth while spending money and labour against 
diseases which kill or maim millions of men or cattle or crops, 
just as it is worth while spending money against human 
invaders. 

The same excellent publication for April i6, p. 646, contains 
an erroneous quotation from another lecture, implying that the 

g ithogenic r 61 e of the tsetse fly was discovered by Sir Ronald 
OSS. The lecturer meant Sir David Bruce, K.C.B., F.R.S. 
Major J. B. Paget, in The Times of April 23, discussing the 
humane slaughter of animals, tells us that in Australia pub¬ 
lic abattoirs are in use (after much original opposition), the 
cattle being killed by ” humane-killers ” instead of pole-axe or 
hammer. In England we have 20,000 private slaughter-houses 
where, apparently, the old methods of slaughter are still 
in use. 

Prof. H, B. Fantham, Witwatersrand University, gave one 
of the most lucid accounts of Mendelism which we have read 
in a paper on Heredity in Man, published in the South African 
Journal of Science, November 1924, Johannesbuig. 

Messrs. G. Bell & Sons have produced the third of their 
useful little Classics of Scientific Method, entitled Joule and 
the Study of Energy, by Dr. Alex. Wood, of Emmanuel College, 
Cambridge. It contains 84 pages and 8 plates ; and deals with 
Joule’s work after a very clear exposition of the previous ideas 
on energ;^ motion, and heat which led up to his classical experi¬ 
ments. The last chapters deal with subsequent developments. 

We have received an advertisement of the new proposed 
” British Institute of Philosophical Studies.” Its temporary 
office is 88, Kingsway, London, W.C.2, and the Director of 
Studies and Secretary to the Council is Sydney E. Hooper. 

On May 21 Dr. N. V. C. Lothian, Dr. Samuel Darling, 
and Mile Besson, members of the League of Nations Malaria 
Committee, were killed in a motor-car accident near Beiruth, 
and Dr. Schwellengrebel and Mme Dehnas were injured. Dr. 
Darling was Pathologist for some time during the antiiaalark 
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work ftt Panama^ and Dr. Schwellengrebel is a well-known worker 
on tropical diseases. 

The lamented death of Sir Rider Haggard, on May 14, after 
a painful illness, removes one of the greatest masters of romance, 
wno did for South Africa what Scott, Hugo, Dumas, and Cooper 
achieved for other parts of the world. He wrote also a masterly 
work on Agriculture, and contributed to social improvements and 
to the defence of science against those who attacked it. 

The Indian Medical Gazette, Calcutta, is to be congratulated upon its 
constant advance in size and merit. The February number contains an 
admirable supplement by Major R. Knowles, on the year's medical 

work in India, and an equally good leading article on the same by Colonel 
J. W. D. Megaw. The enthusiasm and capacity of Indian medical research 
workers is now placing them in front of nearly all investigators of tropical 
medicine. They are original, assiduous, and not so much given to rushing 
into wild h5rpotheses as the investigators of certain countries which we need 
not specify. One is only amazed that the Government/ of India does not seem 
to recognise their extraordinary merit. 

Wo have received a draft of the Memorandum of Evidence Presented by 
the Medical Practitioners' Union of the Royal Commission of National Health 
Insurance, 1925 (56 Russell Square, W.C.i.). The paper contains detailed 
studies on the future of National Health Insurance and remuneration. 

An amusing scientific work (if such a thing can exist) is a small pamphlet 
called Arresting Disclosures: A Report of the Strange Findings in Under¬ 
garments Washed with Soap and Water, and Popularly Supposed to be 
Clean and Wholesome " (J. & J. H, Vice, Leicester), by John A. Bolton, 
M.l.H, The little book is profusely illustrated with 130 photographs of the 
extraordinary findings in the said underclothing after it has been purified 
by our great laundries. Fortunately most of the vermin appear to have died 
during the process, though their corpses still seem to Utter field. 
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The earliest of our national writers on agriculture, Fitzherbert, acknowledged 
the relation of science to practical work. Throughout the succeeding four 
centuries, English writers have laid increasing emphasis upon the necessity 
for the farmer to adopt the scientific methods which the growth of know* 
ledge has placed at h& disposal. If he would only do this, he would not 
only increase the national output of foodstuffs, but he would also largely 
increase the profits of his farm. 

The benefits scientific knowledge has conferred upon agriculture are 
not to be depreciated, but lor the last two centuries they have been so 
enthusiastically stated that there is now little doubt of the exaggerations of 
the protagonists. Possibly that is because the practical farmer has failed 
to appreciate the consistent advice given him by writers of agricultural 
boolra, and by scientific investigators. He has not, in fact, made the most 
complete use of the knowledge and learning they have placed at his disposal. 

Lately a tendency to depreciate the results of scientific agriculture has 
appeared. One or two investigators have examined the estimates of crop 
{M^uction, made from time to time by contemporary writers, and have come 
to the conclusion that the late nineteenth century has not seen so consistent 
an increase in output, particularly of grain crops, as took place in the five 
hundred years preceding that century. Mr. F. L. Engledow, of the School of 
Agriculture, Cambridge, writing in the Journal of Agricultural Science, made 
tl& point, and to some extent elaborated it in a paper he read before the Ro3ral 
Botwical Society. Other recent papers dealing with the subject have been 
published by Harriet Bradley, Reginald Leonard, Simkhovitch, and Lord 
Ernie. 

The tendency is always to swing from one pole to the other, and the 
outlook of all these later writers is decidedly pessimistic. They, in opposition 
to their earlier colleagues, do not think that the amount of scientific investi¬ 
gation already carried out has yielded results compatible with the effort 
nuide. Thk pessimism has found expression in an emphasis of the law of 
diminishing returns, and to some extent in the belief that the limit of output 
of foodstuffs, meat and grain, has, for practical purposes, been reached in 
this country. 

The law of diminishing returns, of course, connotes that the increasing 
application of capital and labour to a given area of land does not afford a 
proportionate increase in output, and that, at a certain point, not necessarily 
determined, the additional expenditure of capital and the additional applica* 
tion of labonr does not, in fact, produce any additional output at all. This 
is no doubt true so Irag as the methods emplo3fed do not become more 
efficient, but it is the mission of science to provide new methods, and to indicate 
new systems, both in the mechanical and phracal realms, to enable the farmers 
to apply fprtbet effort and further capital to the land, in such a way 
that the law of diminishing returns is rendered ineffective. The appUca* 

*34 
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ttem of impfoved jofootific methods should enable the same area of land to 
produce an additional output, at least proportionate to the extra effort 
mvolved, and should possibly obtain an extra output more than proportionate 
to the extra work ana capital invested. It is possible that this ideal has not 
vet been reached, but it must be recalled that the real measure of sciontiffc 
Knowledge acquired in the past hundred years is so far comparatively slight 
compared with the fields that are indicated as necessary to be explored. 

To obtain the best results of the most complete application of science to 
a national industry, it is necessary for the State to take a large part in the 
subsidisation of research, and in the promulgation of the knowl^ge acquired. 
In England, the State, as such, has only very recently accepted its respon¬ 
sibilities in this direction. An excellent synopsis of the development of 
agricultural science during the past hundred years was given by Sir Robert 
Robertson in his Presidential Address to Section B of the British Association 
at Toronto this year, and I shall take the liberty of quoting from this address : 

" The connection of the State with scientific agriculture goes back to the 
beginning of the nineteenth century. The period from 1770 to 1820 was one of 
great activity in agricultural development. It was then that several of the 
oldest agricultural societies were formed, and the Chair of Agriculture and 
Rural Economy founded in Edinburgh University. 

" The first Board of Agriculture was formed in 1793, and it was to this 
Board that Humphry Davy, himself one of its members, delivered during 
the years 1802-12 the courses of lectures which were afterwards published 
under the title of The Elements of Agricultural Chemistry , . . 

No great advance was made for many years, and when it did come it was 
at the instance of private enterprise. To John linnet Lawes, the founder of 
Rothamsted, is due the initiation of experiments which began in 1834 and 
have continued uninterruptedly until to-day. Joseph Henry Gilbert joined 
Lawes in 1843, and the association of the two was not broken until Lawes*6 
death in 1900. When Gilbert died, in 1901, Sir A. D. Hall became director, 
and he was succeeded in 1912 by the present director. Sir John Russell, 

The next experimental station in England was that founded by the 
Royal Agricultural Society, on the Duke of Bedford’s estate at Woburn 
under the direction of Dr. A. Voelcker, and now carried on by his son. Dr. J. A. 
Voelcker. The Royal Agricultural College at Cirencester was founded in 
rS45. 

** The development of the scientific study of agriculture was thus left 
largely to such institutions as that of Rothamsted, and to certain agricultural 
colleges which did not receive State aid. 

‘‘ The first legislative action on behalf of agriculture with which the 
chemist was concerned was an Act for the protection of the agriculturist 
against fraud from the purchase of inferior or worthless manures and feeding 
stuffs, the Fertilisers and Feeding Stuffs Act of 1893, superseded by 
the Act of 1906, the seller of artificial fertilisers and certain classes of arti* 


ficiaUy prepared feeding stuffs was compelled to give, with the goods, an 
invoice guaranteeing the percentages of specified constituents on which the 
value of the article depended, and county authorities were required to appoint 
agricultural analysts for the purpose of checking the statements on the 
invoice by analysis of samples.' The Board of Agriculture also appointed 
a ohi^ ualyst who was required to analyse the reserved samples in cases 
where discrepancies were of such a nature as to lead to the possibility of 
proceedings in Court. 

** It win thus be seen that, with the exception of the encouragement 
given to the work of Davy, the tot State action was not towards the develop¬ 
ment of agrkultore, but for the repression of fraud. There were, however, 
movements from time to time in the direction of scientific inquiry into 
ptolimm connected with agriculture, such as investigations into the affect 
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0f lood Bad tmed oa aiflk, and into the etecieaey of iheepnliiMi^ with both 
of which the (^vemmeat Laboratory was doeely associated. 

^*No s;^tematic educational work in scientinc agriculture was attempted 
in Great Britain before 1909, when an Act was passed allocating annually 
tile sum of £500,000 for "aiding and developing agriculture and ruralindustri^ 
by promo^g scientific research, instruction, and experiments in the scienee, 
xnetiiods^ and practice of agriculture (including the provision of farm insti¬ 
tutes)/' Under this Act, a 83rstem of agricultural research was framed, 
baaed on university and on research institutions like Rothamsted, and linked 
up with the agricultural colleges. The scheme formulated enabled the 
Development Commissioners appointed under the Act to form new institutes 
as well as to extend the existing ones. Rothamsted was largely extended, 
and increased facilities afforded for work on Plant Physiology (Imperial 
College), Plant Breeding (Cambridge University). Animal Nutrition (Cam¬ 
bridge), Dairying (Reading), Animal Pathology (Royal Veterinary College), 
and on similar subj ects. In many of these the chemist was essential. Another 
part of the scheme was the foundation of scholarships awarded to selected 
graduates of universities tenable for a three-year course of research. In 
certain selected teaching institutions technical advisers for farmers were 
appointed, and researches not capable of being pursued at an institute were 
maintained elsewhere." 

The results of these efforts has not been altogether negligible, although 
by no meanB remarkable. The work was not really organised before 1909, 
and it has not yet attained the development which may be expected in the 
near future. At the same time, there seems to have been an increase in the 
yield per acre of main foodstuffs during the period under review, A complete 
description of the position could only be offered by means of a large number 
of tables of statistics which does not seem desirable here, particularly as it 
is hoped to publish them in a more appropriate place; but some figures must 
be quoted. The estimates of the early years of the century are not altogether 
reliable, although they show a certain uniformity which renders them to 
some extent probable. It will, therefore, perhaps, suffice to say that the num¬ 
ber of cattle in the country in all probabUity increased during the nineteenth 
century from about five million in z8oo to nearly six million in 1911. T^ 
number of sheep probably decreased from about twenty-five million at the 
same time to about eighteen and a half million in 1911, as indeed, it has during 
the period when more or less accurate agricultural statistics have been offi¬ 
cially collected. The average number kept during the ten years 1867-76 
was about twenty-two miUion, while the average during 1907-16 was 
eighteen and a half, as stated above. In both cases the increase in the average 
carcase weight of animals slaughtered seems to have been considerable, and 
any decrease in the number of sheep is undoubtedly more than compensated 
for by the increased average weight of each animal, while the increased number 
of cattle, combined with their earlier maturity, does not need any comment. 
Something approximately similar can be said with regard to pigs. So far 
as the grain crops are concerned, there is no doubt that the average output 
per acre of wheat has increased in the last 150 3r6ars from about twenty-three 
bushels to about thirty-one. Oats is about the same as it was at the beginning 
ot last century, thirty-nine or forty bushels per acre, whereas barleyeeeiu 
to have decreased by about eighteen per cent., t.s.irom 39*4 to 32*5 bushels 
per aero, and in 1878 is estimated to have reached an output of nearly forty* 
five bushels an acre. 

When the figures of grain output were first compiled an arithmetic com¬ 
parison of the results seemed to provide conlllcting evidence with regard to 
the efiect of the application, so far as it has t^en place, (d impiot^ 
scientific methods to our national agriculturo. It seemed surprising to find 
that wheat had so much incroased in aveiage yield, while oats tuid risen and 
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tlm hiXitia to its original yield, and barley had done the same, the decxease 
In the last carrying it so much lower than its earlier level. 

Various suggestions have been made to account for the peculiarities of 
tile hgures. For instance, it has been suggested that, during the period of 
the Napoleonic Wars, wheat was being grown on a colossal scale and in 
thoroughly bad conditions, lack of machinery, shortness of labour, and 
freshly broken land, in addition to which the period was marked by the 
presence of a bad epidemic of rust and bunt. Barley was only grown where 
the conditions were favourable, with the result that the yields, compared with 
wheat, were fairly high. Up to 1870 wheat was our national crop, and the 
big area under it was well farmed because prices were, on the whole, very 
satisfactory. Barley was still relatively k small crop, even in the recognised 
barley areas, such as Norfolk, and was mainly grown where crops were high. 
When, in the eighties, wheat began to diminish in area, barley and oats t<^k 
its place, and the high wheat yields may be a reflection of the crop survival 
on the better soils, while the lower barley yields may similarly reflect a 
widening of the area on which it was grown, and its consequent cultivation 
on soils not so well fitted for it. This explanation appears reasonable, but 
an examination of the estimates of area involved does not support it. There 
does not seem to have been any considerable extension of the area upon which 
barley was grown, the available estimates indicating that the crop had 
covered about 2,000,000 acres round about 1850, from which it began to 
decline, and came down to about 1,500,000 acres, which was probably the 
area it covered towards the close of the Napoleonic Wars. The decrease in 
the area of wheat is a commonplace of agricultural pessimism in this time. 
With regard to oats, the area has been slowly increasing from the '70s 
of last century, but not in any such marked degree as would give real 
credibility to this theory. 

It has also been suggested that some explanation of the discrepancy 
between the increase in average wheat output per acre and the decrease in 
the other two main crops grown will be found in the fact that agricultural 
science has concerned itself more particularly with the development of good 
strains of wheat at the expense of the other two crops. A very large amount 
of work has been done on all three of these grains, and I do not think that this 
theory is any more tenable than the other. 

The exceptionally high yields of barley and oats said to have been obtained 
In the middle of the nineteenth century may perhaps be explained in another 
way, although the explanation now ofiered is only a surmise. The collectors 
of the material, which forms the basis of these estimates, did not obtain 
universal returns from all farmers. Even the oflicial collectors of statistics 
faded to do this, although the returns they compiled are undoubtedly prac¬ 
tically complete ; but the amateurs, such as the farming newspapers and the 
Chambers of Commerce, did not attempt to do so. They contented them¬ 
selves with the collection of a few hundred returns, probably obtained from 
imminent farmers, whose average output was naturally on the high side. 
The mid-century fibres may, therefore, require to be reduced, if a true view 
of the development of the art of agriculture is to be obtained. These figuree 
are, however, consistent, but that may be because they were obtained from a 
limited numl^r of good farmers, and may not be a proof of their validity. 

It would be better, for purposes of comparison, to ignore the mid-century 
flgures because they may be fallacious, and to base any conclusions upon a 
comparison of the early part of the nineteenth century with the early part 
of the twentieth; but, although that may be the safer course, it is necessary 
to regard the present conclusions as tentative only. 

, Finally, it may be well to recapitulate the results achieved. There can 
be littie or no doubt that the output of meat has largely increased during the 
hundred j^eani in spite of any apparent diminution in the number of animals 
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Jmpt, i^ltiboogh time has been no such dixninittion in the number of caMe. 
The avera^ output per acre of wheat has decidedlv increased. The only 
grain whUm has really decreased in produce per acre is barley, although oats 
at one time during the century seems to have been at a ve^ much higher 
average level than it was immediately before the war. The very large 
importation of foodstufis, which is a commonplace of our social orgamsatic^ 
xnaOkes it perfectly clear that we are not keeping pace in the national outjput 
ol foodstulEs with the increase of our population; but that again is a question 
which cannot be dismissed in a sentence ; it must be very carefully examined 
before any definite pronouncement can be made. It is just as true that we 
were not producing the whole of our foodstuffs from national sources one 
hundred years ago, when our population was only a quarter of what it is to* 
day. What is clear is that agricultural science has, at least in some measure^ 
already abrogated the law of diminishing returns, its peculiar function in 
connection with agriculture. It is not unduly optimistic to think that the 
progress of the acquisition of knowledge will continue at a much more rapid 
rate in the immediate future than in the immediate past, because the whole 
range of scientific knowledge is developing much more rapidly to-day than it 
has ever done. Consequently the output of our agriculture will be pro* 
portionately much more rapidly increased in the future than it has been during 
the past century. 

But, to ensure that this result is obtained, it will be necessary for those 
who acquire scientific knowledge to see that it is applied to the industry ; 
or, rather, for it is hardly their business, it will be necessary to make increasing 
provision for the education of the farming community, and for some measures 
to be adopted to ensure that the competence of the land workers of all grades 
is adequate to their functions. 

I cannot do better than quote Dr. Crowther's words on this subject. In 
concluding his paper on Science and the Agricultural Crisis read before 
the British Association in 1923, he said : 

Whatever the character of our land-tenure system of the future, it is 
certain that sooner or later some guarantee of efficiency for the productive 
occujpation of land will be demaded from the would-be farmer. We cainnot 
contmue indefinitely, on one hand, to proclaim that the land is our greatest 
^national asset, to be maintained with the help of, and in the interests of, the 
State in a highly efficient state of productivity, while, on the other hand, the 
use of the land is left open to all, regardless of fitness for its efiective use. This 
vision of farming reduced to the status of medicine and law as a close pxofepaiem 
regulated by an entrance examination, may perhaps be stigmatised as a 
horrible nigntmare; but some movement in that direption I believe to be 
inevitable, and, with nationalisation of the land, it might well coine more 
speedily than one would venture to contemplate. None will questima, at 
any rate, that,, should such a day arrive, education in the principles under¬ 
lying the calling will loom as largely as practical training in determining the 
standards of admission to the use of the land.** 

•AVBKUOirOrOIJVBUBAVBFBSFAmATOBT SBVOJIVZOV 
SejmoiirJBrynnt). 

In the PiMaratory Public School system of this country two metiiods am 
adopted. One group of schools recruits its boys mainly, though not solely^ 
from Preparatory Schools which are private enterprises, entirely independent 
of the PuDlic Schools to which their boys will eventually proceed. 

A smaller groujp of Public Schools, however, s.g. Cheltenham, OundK 
Cranleigh, etc., have preparatory departments of their own, and, although 
these are not sufficiently lurge to fill all the vacancies in their respective senior 
schools, still a proportion of the boys p9U» through the schools in this wuy. 

Thie system has the great merit that it obviates one of the very 



SANDERSON AND PREPARATORY EDUCATION 139 

flam In tha Public School system; the lack of liaison between the two stages 
CKf a boy’s career. The relative standards of work in difierent subjects in tiie 
lower forms of Public Schools differ necessarily from the relative standards 
in the higher forms of Preparatory Schools^ and the natural tendency is to 
place a new boy at a Public School according to the standard he has reached 
in his weakest principal subject. The result of this is that in all his other 
subjects a boy is marking time for, it may be, several terms. During his first 
year there is, therefore, every encouragement for a boy to take his school 
work very casually indeed, and the habit, once engendered, is dif^cult to 
eradicate. During the last decade this difficulty has become intensified 
owing to the development of science teaching at the Public Schools. Science, 
which in many cases was previously only begun in the middle forms of Public 
Schools, is now pretty generally taught in the lower forms as well, whereas, in 
^ite of the recommendations of the Prime Minister’s Committee in 1918, 
lienee is not taught in Preparatory Schools except in very rare cases. The 
result of this is frequently that an able boy who would, in the normal course 
of events, take quite a good place at his Public School, has to take a consider* 
ably lower form in order to receive the necessary elementary instruction in 
Science to prepare himself for the school course in that subject. 

The great advantage, then, of preparatory and public school education 
under the same authority is that of continuity; but there are several dis* 
advantages. Not the least of these is that, under such a system, a boy, for 
the nine or ten years of his school life, lives in the same atmosphere, climatic, 
social, and educational. A new outlook, with its freshening influence in 
every way at the mid-point of a school career, is of great value. 

During the last few years of Sanderson’s life the problem of preparatory 
education was constantly before him. He hod a small junior house at Oundle, 
the Benystoad, but the great majority of the boys were entering Oundle 
from other Preparatory Schools. The pressure of application for entry was 
very great, the waiting list of boys already entered, passed, and accepted was 
a lengthy one, and yet acceptance of such boys at the age of fourteen was 
a block in the way of his own bo3rs passing on to the senior school when they 
had reached the required standard of knowledge and age. He therefore 
decided gradually to abolish his own preparatory department, and so to secure 
additional accommodation for the senior school which was so sorely needed. 
Such a course would have the advantage of removing the difficulty of the wedge 
at the age of fourteen, but would destroy the only liaison which existed 
between the two stages of a boy's educational career. He did not live to 
carry out his intentions in this matter, but during the years 1917 to 19x9 
he was continually on the search for a Separatory School to which he might 
divert the boys entered for his own preparatory department which he could 
not accept owing to lack of room. 

As can be imagined, sudi a school was not easy to And, as his requirements 
were many. In the first place, he was strongly opposed to the system of 
selection for ent^ to Public Schools by means of the Common jBntranoe 
Examination. His first necessity was to find a school with whose head master 
he could work in close co-operation and upon whose judgment he could rely 
in the direction of advising ffim as to what boys to accept for entp^ to Oundle 
quite independently of the examination results themselves, which he knew 
were most misleading. 

Not leas important was the question of as complete a liaison as possible 
between the work of the higher forms at the Preparatory School and the 
lower forma at Oundle, so that a boy might pass quite smoothly from form to 
fcam without that educational break to which reference has already been 
made. He ever realised that his was the voice of one crying in the wUdemesa, 
anA faw head masters of his day either realised his aims or sympathised with 
bis ideals. 
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Ha faHlier xaoognssad that tha Oondle system, in its detaib, would need 
coQsidarabld adjustment to meet the needs of younger boys, and« whilst 
maintaining his general principles, he sought for an establish^ Prepandmy 
School which would be prepared to carry out educational experiment and 
research in that direction. 

He failed to discover the school he wanted, and discussed with me the 
possibility of my starting a school which should embody his general principles. 
After much hesitancy 1 agreed to attack the problem, and St. Piran's, Maiden¬ 
head, was launched in September 1919, with twenty-three boys deflected 
from the Berrystead. In a very short time the school was full, and tentative 
schemes began to cr3^tallise. 

Sanderson’s views at this time may be worthy of record, and in a Foreword 
which he wrote for me in 1919 he said: 

** In these dsiys there is a wide field to explore and much work to be done 
—all of which will engage the talents and excite the imagination of young boys. 
In the first place, boys will have the opportunity of becoming good craftsmen, 
in workshop, in library, and in field. Quite young boys can do useful work 
in shops, learning the craftsman’s art and lore, and they can do similar work 
in a well-equipped library, and in outdoor life. This creative work is natural 
to boys, and leads to co-operative methods. Instead of much of the tradi¬ 
tional class-work, bo3r8 may be set free to research, draw, make maps, charts, 
or merely read in library and art-room. Even the youngest boys can be put 
to useful work in a co-operative scheme. The master will always have some 
investigation in which he will be glad of the help of his boys, and it is astonish¬ 
ing how much can be learnt in this way. It '^l also lead to a new attitude 
of mind and outlook. 

* * Again, young boys can be set to work with machinery—heavy machinery, 
such as will excite the imagination, create the scientific sense, and incidentally 
give exercise for mathematical talents. Engines, motors, dynamos, testing 
machines, and so on, can all be used by young boys. 

'*The more modem method of acquiring an appreciation of literature by 
acting is another example of co-operation in schools. 

"A prominent place should be found in a Preparatory School for the 
* Romance of Science.' It is a good thing to bring young boys within 
range of the unknown, where research is still going on, to let them see some¬ 
thing of adventure in the natural world. There are quite a host of experi¬ 
ments which they can do—and, as it were, play with—experiments which 
will keep their eyes open and excite wonder and give plentiful inspiration. 
There are wonderful things in mechanics, electricity, chemistry, biology, and 
astronomy. Wonderful, too, are the lives of the great men. 

** The question may be asked, Where is the time to come from for all 
these things to bo done, and done properly ? The answer is that abundance 
of time may be taken from all the ordinary class-room teaching, and especi¬ 
ally hrom the time spent over Latin. Latin need not be started so early, and 
the time given to it may be considerably reduced, and all to the advantage 
of the Latin itself. We believe that this larger field of work and the new 
outlook which it gives, will be all for the benefit, not only of Latin, but other 
school studies. 

** The wider curriculum sets free naany and diverse talents. Boys will be 
judged by what they can do, and not by what they cannot do. It is 
trous, we think, for bo>^ to be judged and classified by their attainments 
in one 9onventional subject. Each boy should be given the chance of deve¬ 
loping his special faculty, and to give this chance is the paramount duty 
of a school. 

The study of Languages, of Mathematics, of English, will benefit by 
this outlook in school life. 
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** It ift becatute I believe Major BryBXkt is all in S3rmpathy with these views 
that I am deeply interested in his new work—work which 1 think is urgently 
needed to be done.'' 

The original conception was Sanderson's, the initial schemes of work 
were his, and his influence and advice determined to a considerable extent 
the development of the school during its first three years. Whatever success 
has attended the efiorts made must therefore be looked upon as a tribute to 
the memory of one who, in addition to being the greatest head xnaster of bis 
age, was the keenest of critics and tlie kindliest of friends. 

It is only possible to indicate in a very cursory manner the general prin¬ 
ciples upon which the school was built up and the methods emplo3red to 
achieve those ends. In attacking the problem of preparatory education, the 
necessity for an entirely new basis seemed urgent. The centre of gravity of 
English life, wealth, and thought had shifted during the war period to an 
extent not fully appreciated even to<day ; power had to a very great extent 
passed from the old governing and aristocratic class to the producing class, 
from the authoritative section of the community to the creative. It appeared 
evident that education itself should become creative, that the mere abrorption 
of knowledge should give place to the development of latent faculties, so that 
evolution might proceed along the lines of the literal interpretation of the 
word ‘‘education *'—a leading out," rather than a " driving in." The revi¬ 
sion of old methods or the substitution of new ones, so that Imowledge might 
be acquired and not instilled, might become, so to speak, a by-product, ob¬ 
tained, when possible, indirectly through action and co-operation: this was 
the bed-rock of the educational experiment which has been proceeding here 
for the past six years. 

On this foundation an attempt has been made to erect a superstructure 
embod3ring as far as possible the principles suggested in the report of the 
Prime Mister's Committee under the chairmanship of Sir J. J. Thomson, 
which was published in 1918. 

" In the examination for entrance scholarships at most of the Public 
Schools, the papers set in Classics are of such a character that to do well 
in them a boy must have devoted much more time to this subject than 
to any other. ... As great weight is assigned to these papers . . , 
it results that (i) some boys whose abilities lie in other directions than 
Qassics miss the encouragement which is legitimately attached to the 
winning of a scholarship, (ii) others are enticed along a path which does 
not lead them to their true destination, (iii) the cu^cula of many pre¬ 
paratory schools are naturally distorted. 

" We cannot think .that there is any natural distribution of ability 
in relation to liters^ and scientifle studies which corresponds in any 
way to the actual distribution of scholarship awards for these two kinds 
of study; and it is impossible to avoid the conclusion that the eflect of 
existing entrance scholarship examinations at the Public Schools is to 
divert to sp^ialised literary and linguistic studies of a particular kind 
bo3ra who might have been successful in other fields." (Section z8.) 

One of the first things to do, therefore, was to smooth out this unnatural 
distortion and to diminish the usual number of hours devoted to Latin in 
the average Preparatory School. Latin now is on the same footing as English^ 
French, and Mathematics as far as hours in the curriculum are concerned. 

From the point of view of scholarship winning, this was of coarse a seriOui 
change; but, by abolishing the " hot-housing " of the few, the wdifare of the 
xoai^ was enhanced. 

*nte position of Scienoe in Preparatory Schools remains where it was in 
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X9t8. The Import referritig to replies to a questionnaire drcnlated to Rre- 
paratory Soho^, and to the answers of witnesses, states: 

** From these answers it appears that, in the majority of the 307 
Preparatory Schools replying, no provision is made for the teaching of 
Science (including under this head Nature Study and Practical Measure¬ 
ments) as part of the regular curriculum. It is even more siraidcant 
that, while the Report drawn up by the Joint Committee of the Head 
Masters* Conference and the Association of Preparatory Schoolmasters, 
and adopted in 1916, includes an appendix on Elementary Science 
Training, no time is allotted for science teaching in the time-table 
suggested for Preparatory Schools. 

** There are, in our opinion, sound educational reasons for posti^nlng 
the beginning of the systematic study of Chemistry and Physics till the 
age of 12} or 13, apart from the fact that the schools in question have 
not the necessary staff or equipment to undertake work of this kind. 
But it is much to be regretted that, as an introduction to more formal 
work in Science, there should be no preliminary instruction in Natum 
Study, broadly interpreted, or in Practical Measurements. Further, it 
does not appear that the omission of such teaching is compensated lor 
by increased attention to Handwork or Drawing. 

There is no doubt that, in framing their curricula, the preparatory 
schoolmasters have been largely influenced by the requirements of the 
entrance examinations and entrance scholarship examinations at the 
Public Schools. It is alsd clear that, while these examinations are designed 
to test the knowledge and ability of boys in English subjects, French, 
I^atin, Mathematics, and sometimes Greek, knowledge of such Science 
as might properly be taught to boys of preparatory school age is either 
not tested at all or test^ only in an incidental manner. Again, until 
three years ago, Nature Study was included as an optional subject in the 
Common Entrance Examination for Public Schools; but we were in* 
formed by one of the representatives of the Preparatory Schools Associa¬ 
tion that * few candidates took it, the reason being that the subject 
was not required as a condition for entrance to Public Schools.* 

" It is most unfortunate that the curricula of many Preparatory 
Schools should be so far determined by the examination requirements 
of the Public Schools as to lead to the omission or comparative neglect of 
subjects which are appropriate elements in the education of boys of 
preparatory school age. Quite apart from the question of examinations, 
we are of opinion teat all Preparatory Schools should make regular 
provision for the teaching of the elements of 'Natural Science with 
Handicraft and Drawing. By the elements of Natural Science we here 
understand what is known as Nature Study, i,e. physiography and an 
elementary study of animal and plant life, together with practical 
exercises of tee land referred to in para. 48. 

The elements of Natural Science thus defined should, in our opinion, 
be a necessary subject in tee entrance examination of Public Schodb.** 

Section 48 reads as follows; 

This course should bo of as practical a character as possible, and 
should aim at arousing an interest in natural phenomena and developing 
the powers of observation. Full use should be made of the opportunities 
afforded by the schoefl g^den to make tee pupils acquainted with tee 
spirit of scientific investigation. We attach great importamoe at this 
stage to manual training, bote for the sake of tee discipline it supj^lies 
for hand and eye, as soaking an excellent introduction for laboratory 
work. We think that advantage should be taken of the opportunities 
which nSture study and fuanuaT training afiord for practice in inspltilid 
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dittwfa&g and drawing to scale. . . • The right remedy lies in a more 
Intelligent treatment ol Arithmetic and Handwork in the Preparatory 
Soho<^. Advantage should be taken of the opportunities aforded hy 
lessons on Arithmetic, Geometry, Qcography, and Handwork to introduce 
the idea of measurement, to give practice in the use of simple measuring 
instruments—a valuable exercise in manipulation—and, lastly, to develop 
both readiness in the making of calculations and an appreciation of the 
degree of accuracy to which results may be stated/' 

A serious attempt has been made at St. Piran's to carry out all the above 
recommendations in the spirit as well as in the letter. The neglect of science 
teaching in practically all Preparatory Schools has serious effects upon a 
boy's public school career, quite apart from his ignorance of the elements 
of a subject which he should know. 

The report, alter pleading for increased attention to practical work, 
continues: 

The introduction of practical work into the curriculum widens 
the opportunities of discovering ability which might otherwise be over¬ 
looked. One witness writes; ‘ Often, very often, the dunce of the form, 
when put on to practical work, becomes brilliant.' It is the function 
of any system of education to discover ability as well as to develop it, 
and under a system in which the curriculum is entirely bookish many 
able boys may be depressed, and lose all interest in their work from want 
ol success and of opportunity to reveal their ability." 

The above paragraph is perhaps one of the most pregnant of the com¬ 
prehensive report. This point of view is rarely recognised or pointed out, 
and it is worthy of the closest consideration by all who are interested in tibe 
education of boys of preparatory school age particularly. 

" Too few parents of this generation can satisfy their children's 
curiosity about the wonders of the heavens, the movements of the 
planets, the growth of plants, the history of the rocks, the dawn of 
animal life, the causes of tide and tempest. 

" How necessaiy Science is in war, in defence and offence, we have 
learnt at a meat price. How it contributes to the prosperity of industries 
and trade ml arc ready to admit. How valuable it may be in opening 
the mind, in training the judgment, in stirring the imagination, and in 
cultivating a spirit of reverence, few have yet accepted in full faith. 

" A nation thoroughly trained in scientific method, and stirred with 
an enthusiasm for penetrating and understanding the secrets of nature, 
would no doubt reap a rich material harvest of comfort and prosperity; 
but its truest reward would be that it would be fitted by an ample and 
generous education to perform justly, skilfully, and magnanimously the 
offices both private and public of peace and war." (Introduction.) 

In addition to providing facilities for the study of Elementary Science and 
for Wood-work and Metal-work, schemes for the practical treatment of 
Mathematics and Geography had to be devised. Drawing and Claas-singmg 
alao claimed attention. 

Quite apart from curriculum changes, two guiding principles had to be 
kept in view: the utilisation of co-operative methods as far as possible and 
stimulation of a spirit of discovery and research. 

The scheme was an ambitious one: no previous data were available for 
guidance, but, on the other hand, no fetters could be imposed from without. 
The difficulties in the way of the realisation of these aims have been many^ 
but most of them have Imn overcome. Of finance it is hardly necessary to 
refar enospt to say that; apart from many aenerous gifts from enthuaii^c 
parentis no grants or external aid of any Imid have been employed. Two 
"dhowever; need mentioning. 
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In the first piece, one was confronted with the problem of time, and tide 
has been overcome to a great extent by three devices. At the vevf outset 
attempts were made to correlate as far as possible the teaching of the vsiiou^ 
subiects and to dovetail in various directions. Mathematics, Handici^, 
Science, and Drawing, for example, were admirably adapted to such blending. 
The teaching of English, again, was readily interwoven with instruction m 
other subjects: team-work amongst the stafE is, of course, vital to success 
hi this matter. 

A reduction in the number of hours usually devoted to Latin has also 
helped to provide additional time, although this economy is partly offset by 
some of the periods so saved being ear-marked for what is somewhat grandUo* 
quently called Classics." This consists, in the case of the youngest boys, 
of myths and legends of ancient Greece and Rome. The middle sets get 
some conception of the value of the legacy we have received from the Far 
and Near £^t of ancient times, whilst the top form in the school makes some 
sort of a connected study of Ancient History. Possibly by such methods a 
greater interest has been aroused in the literature and philosophy of Greece 
and Rome than by spending the time upon attempting to obtain meticulous 
precision in the grammar of the languages themselves. 

These two avenues were fully explored, but far more time was yet needed. 
No mere actual in-school hours were available ; out-of-school hours obviously 
had to be employed. As a consequence, much of the work had to be put 
upon a voluntary basis, and societies were formed. The enthusiasm for these 
societies at the very outset was remarkable, and, as new societies have been 
added from time to time, the keenness seems to increase rather than to dimin¬ 
ish. Although the school only accommodates some 6o boys, the average 
membership for each society is somewhere about 25 or 30. They have 
become a fundamental and vital part of the whole educational scheme, 
probably even more fruitful in their results than the in-school work hours 
themselves. It has, at any rate, been fairly conclusively proved that boys will 
learn readily enough if schoolmasters will only let them 1 The societies at 
present in active existence are: 

(i) The Natural History Society, with three sections. 

(ii) The Engineering Society. 

fiiij The Wireless Society. 

(iv) The Photographic Society. 

(v) The Literary Society. 

(vi) The Gardening Society. 

In the Christmas Term there is also a Choral and Dramatic Society, and 
the members of the Engineering Society are at present engaged oir making 
rain-gauges, an anemometer, a thermometer screen, etc., for a meteorologi^ 
sociefy to be started shortly. The work of these societies is of the most 
interesting nature, but cannot be referred to in greater detail. 

The second difficulty was that of accommodation and equipment. The 
premises, when taken over in 1919, were admirably adapted for the normal 
school work, and in fact were built especially for that purpose. For the 
broader treatment already outlined they were naturally deficient. It is true 
that an excellent carpenter's shop was already in existence, but a science 
laboratory had to be provided, and also an adequate boys* library. Musk^ 
practice rooms were built, a cinematograph installed, and the members of 
the Natural History Society erected their own little building in which their 
aquaria and breeding cages, etc., are housed. 

Further accommodation, however, was needed, and during the early part 
of last ycBT a new science bl^k was built. This includes an engineering duop, 
the equipment oi whi^ meets all our needs, and which was presented to the 
school by vartdus parents^ a drawing office, technical library, and a pho^ 
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n lkic section. The latter consists of a safe-light corridor leading to two 
: rooma^ one lor developing and the other for printing and enlarging. 
The accommodation is thermore now both ample and complete. 

It is held in some quarters to-day that the held covered by schools educa¬ 
tionally is far too wide, and the opinion is frequently expressed that the sub¬ 
jects ox the school curriculum are already too numerous. What justification 
exists for providing facilities for the development of interests such as wood¬ 
work, eng^eering, photography, wireless^ natural history, gardening, and 
so on ? 

The answer may be summed up in the single word ** stimulus/* But 
the psychological efiect of stimulus may often be more harmful than bene¬ 
ficial. Every school works upon the basis that some stimulus is necessary 
in order that the results aimed at shall be attained as far as possible. A school 
afiording no stimulus at all is unthinkable. In order to judge of the suitability 
of such what criterion shall we apply ? 

It is probably admitted that the English Public and Preparatory School 
system produces a type of character which is altogether admirable, but that 
the product intellectually is open to severe and well-deserved criticism. Why ? 
The answer to this—partly, at any rate—lies in the fact that in our bMt 
sdbools the moral stimulus applied is mainly intrinsic, whilst the intellectual 
stimulus is to a greater extent extrinsic. 

The two most valuable stimuli employed in character development are 
the utilisation of a boy's sense of honour and the appeal of tradition. The 
value of the former in moral training and in the maintenance of school 
discipline is widely reco^ised. The appeal of tradition depends for its 
success upon the realisation that a boy at school is a member of a social 
organism, and that every individual action affects the welfare of the society. 
It is the analogue of the virtues of patriotism and loyalty in tlie State. Bo& 
these incentives are essentially intrinsic: they are inherent, they spring from 
within, they are dependent entirely on the utilisation of the better qualities 
of a boy's nature, and are not sanctions imposed from without. 

When we come to consider the stimuli employed in intellectual develop¬ 
ment, however, we find that they are almost exclusively extrinsic, and mainly 
individual and arbitrary; at the best they are of little permanent value, at 
the worst they are even harmful. The struggle for marks, the lure of prices, 
the fear of detention, the dread of physical punishment, the anxiety to secure 
personal superiority over one's fellows—aU these are examples oi external 
stimuli in common use. The effect on the stronger boy is individual glorifica¬ 
tion at the expense of the social community ; the effect on the weaker is the 
acceptance of a sense of inferiority, lack of self-confidence, and loss of initia¬ 
tive, which, if they persist through life, will have results which are obvious. 
Ext^al stimuli, however, cannot be entirely eliminated in practice, either 
in moral or in intellectual development. The wise schoolmaster has already 
reduced them to a minimum, so far as character training is concerned; but, 
from the intellectual point of view, much yet remains to be done. Once 
realised, this is a matter for experiment and research. The discovery ol 
each boy's instincts and impulses is far from easy, but these, after all, are the 
main determining factors in his future conduct. The success or failure of a 
school, from an intellectusd point of view, cannot be judged accurately from 
examination results. It is, however, dependent upon the ability of those in 
authority to discover these inborn instincts and impulses, and to afford 
sufficient opportunity for them to develop. If these are repressed, or not 
given luU ir^om for growth, the most valuable stimulus of all is wanting. 

One is led to believe that the activities referred to engender a love 
of work lor its own sake which reacts favourably upon the general soheme 
of work, and further tends to simplify the problem of discipline, which is 
aUsays wUh us« 
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vxa covTBiMjmov or amsbioa to osoxooxoaXi 

■OIXVCE. By G. W. Tyrreli., A.R.C.Sc., Pb.D. Being a Review 
of The Firat Hondrad Team of American Oeology, By C. P. Mbrrux. 
Pp. xxi + 773, with 36 plates and 130 figures.] (New Haven: Yale 
University Press and Oxford University Press, 1925. Price 27s. 6 d. net.) 

It is one of the glories of British science that modem views 
of geology, and especially stratigraphical geology, were first 
promulgated in these islands, and that our stratigraphical 
terminology, enshrining many English place-names, has im¬ 
posed itself practically on the whole world. In igneous geolo^, 
too, at the conclusion of the great Neptunist v. Plutonist 
controversy, the victory was gained by the Plutonists, with 
Hutton the original genius, and Playfair his interpreter, at their 
head. Nevertheless, in spite of its achievements, British and 
European earth science was curiously limited and insular for 
a long period, chiefly because the geology of Western Europe 
is at once highly complicated, specialised, and in a sense 
abnormal; and the resulting bias towards certain interpreta¬ 
tions based on insufficiently wide observation needed a correc¬ 
tive drawn from the study of the simpler and more uniform 
geology of the New World. Hence the volume on the history 
of the first hundred years of American geology, from the pen 
of Dr. G. P. Merrill, the eminent Head Curator of Geology in 
the United States National Museum, will prpve extraordinarily 
useful in helping us to assess the contribution of America, to warns 
the common stock of geological science, and its influence in 
introducing a wider horizon and compelling a wider outlook 
in European geology. 

The relative lack of academic training led the earlier 
American geologists into morasses of crude speculation which 
were avoided to some extent in Europe. Nevertheless, there 
was a compensation in their comparative freedom from academic 
ri^dhy^ of mind ; and the guesses and intuitions of the more 
originally minded often sent brilliant shafts of light into the 
un&iown, and led to the rapid advance of the science. C^e 
has only to recall in this connection the work of the American 
school of physical geologists, inspired as they were by the 
immensity of their mid and the broad simplicity of geomgical 
structure And process therein. The enormous scale of 
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phenomena, esproially in the West, inspired great ideas which 
European investigators often could not compass, owing to the 
spatial limitation of their field, and its division into compara¬ 
tively small units of unlike characters. 

Dr. Merrill’s book is essentially an amplification of his 
Contributions to a History of American Geology, published in 
1904, and his History of the State Geological Surveys, published 
in 1920. It is a huge royal octavo of 773 pages, in which he 
has reviewed step by step, and with many personal glimpses, 
the work of the geological pioneers in America. The progress 
of geology in Eastern Canada is also treated, especially where 
the work of Canadian geologists impinged on that of the 
Americans. 

The matter is treated in historical sequence, beginning 
with the Maclurean Era (1785-1819), of which William Maclure 
was the central figure. Then comes the Eatonian Era (1820- 
29), dominated by the work of Samuel Eaton ; followed by 
the Era of State Surveys, the history of which is divided into 
five decades. The sequence is completed by a chapter dealing 
with the succeeding Era of National Surveys. The rest of 
the book is occupied by chapters explaining the development 
of ideas upon certain leading questions, such as the fossil foot¬ 
prints of the Connecticut Valley, the Eozoon controversy, the 
Laramie question, the Taconic question, the glacial hypothesis, 
microscopical petrography, and the age of the earth. There 
is a long appendix containing letters concerning matters referred 
to in the text. It may be revetted that it was felt necessary 
to insert them. They are full of fierce rivalries, peddling 
jealousies, and squabbles regarding priority; and cause the 
reader to wonder at the littleness of scientific men in face of 
the greatness of their work. It is not to be inferred that 
American geologists, or scientific men in general, are singular 
in this respect. 

The history of American geology opens in the midst of the 
great Neptunist-Plutonist controversies between the followers 
of Werner the Grerman and Hutton the Scotsman. Geological 
science began through the application of the earlier crude ideas 
by European immigrants to the wider problems presented by 
the New World, The first systematic work was Schopf’s 
BeHrage eur Mineralogische Kenntnis der Ostlichen Theils von 
Nord Amerika und seiner GebUrge, published in 1787, 

The first University chair in chemistry and natural science 
(including geology) in America was instituted at Yale in i8oa, 
when President Dwight appointed his nominee, Benjamin 
Sfiliman. Silliman, vmo was only twenty-two years of age at 
his appointment, and had recently been admitted to the Bar, 
had not even the most rudimentary knowledge of the sciences 



148 SCIENCE PROGRESS 

, ’ 'r 

he was to teach. Yet such was the natural f<n*ce of the man 
that, while at first he had to read privately and take lessons 
from other teadiers in his subjects, he ultimately did more than 
any other man of his day for science, especially geology, through 
his teaching, public lecturing, and through his foundation of 
that g^eat pmodical, the American Journal of Science. Silli- 
man unquestionably foreshadowed the present aqueo-igneous 
theory of the crystallisation of granite and other igneous rocks, 
in words that have an essentiaHy modern ring (p. 157). G. W. 
Featherstonhaugh, too, in 1835, recognised that crystalline 
limestones and marbles might arise by metamorphism due to 
contact with ignigenous (igneous) rocks. 

It is William Maclure, however, who occupies in American 
geology the same position that William Smith holds in British 
geology. In 1809 he published Observations on the Geology of 
the United States, with a coloured geological map of the region 
east of the Mississippi. This was the first real attempt at a 
geological map of any portion of North America, with perhaps 
the exception of Guettard's mineralogical map of Louisiana and 
Canada, which cannot stand in the same category as Maclure’s. 
Maclure was born at Ayr in 1763, visited America at the age of 
nineteen, but returned to Britain and made a fortune in busi¬ 
ness before his final settlement in America, where he became 
naturalised in 1796. His geological map was a labour of love. 
In the words of hb biographer: " He went forth with hb 
hammer in hand and his wallet on his shoulder, pursuing hb 
researches in every direction, often amid pathless tracts and 
dreary solitudes, until he had crossed and recrossed the 
All^hany Mountains no less than fifty times.” 

The Maclurean Era was one of crude speculation mostly 
based on the Mosaic cosmogony, yet with occasional dear 
dimpses of more rational explanations of geological problems. 
The succeeding Eatonian Era was transitional to the beginning 
of the modem epoch ; the possibilities of State surveys began 
to be seriously canvassed, and in it the first serious attempts 
at correlation by means of fossils were made. 

After the Eatonian Era come the five decades of State 
Surveys, and many famous names appear for the first time in 
the history; as, for example, Edward Hitchcock of Massachu¬ 
setts ; the three brothers Rogers, with H. D. Rogers of Pennsyl¬ 
vania, beyond doubt the foremost structural geoloj^t of hb 
time; James Hall of New York; J. D. Dana of textbook 
fame ; Sir William Logan of Canada ; and Sir William Dawson 
of Nova Scotia. The establbhment of a Geolo^cal Survey in 
New York in 1836 was epoch-making in its influence up<m 
American geol<^. No r^on could have been more favourable 
to the establbmnent of me fundammtal principles of strati* 
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naphical geology. The work demonstrated once for all in 
Nmth America the importance of fossils for correlation purposes, 
ai^ the occasion produced a man, James Hall, who was destined 
to become America's greatest palaeontologist. 

We have already noted one or two instances of acute pre¬ 
vision in American geology; and in the following quotation, 
summarised by Merrill (p. 225) from W. W. Mather's Report on 
the Geology of New York State, dated 1842, there seems to be a 
foreshadowing of the present-day doctrine of the westward lag 
of land masses and their horizontal movement; “ The inertia 


of the solid mass of the interior of the globe would also cause 
it to press to the westward with a power dependent on the 
rapidity of rotation. Given then, lines of weakness, where 
yielding would take place, motion and distortion or elevation 
might follow. If the interior were fluid and the solid exterior 
floating upon it, a change in the velocity would produce still 
stronger effects, and changes of latitude of masses of the earth's 
surface would result.” There is a distinct flavour of Wegener 
and the hypothesis of continental drift in this. 

The close dependence of landscape form on geological struc¬ 
ture and process was not at all well understood by the older 
geologists, and Merrill writes on this topic (p. 146); '* One 
of the points which must impress the reader who is at all con¬ 
versant with the work of modern physiographers is the inability 
of Hitchcock, as well as his contemporaries, to understand the 
relationship existing between a river and the channel in which 
it flowed.” Yet toward the end of the era of State Surveys 
there arose that brilliant school of physical geologists which 
was to lead the world in ideas on this and on cognate subjects. 
The rapid expansion to the west, and the driving of roads and 
railwa;^ through the unexplored country west of the Mississippi, 
[at>vided the opportunities for the famous reconnaissance 
geological survej^ of the late sixties and the seventies, which 
xepresent one of the greatest triumphs of American geology, 
and produced that galaxy of famous geologists, Hayden, 
Powell, King, Gilbert, and Dutton. 

The plateau country of the Colorado and adjoining States 
presented unequalled facilities for the study of certain tjrpes 
of geological problems relating to stratigraphical succession, 
uplift, and erosion. Powell first drew attention to the cutting 
of gorges by rivers during the uplift of the country, which 
observation may periiaps be regarded as the starting-point of 
naodem physiographic geology. At this time, too, the ideas 
of antecra«it and consequent vall^s, base level of erosion, and 
other notions which have passed into common geolorical par¬ 
lance had their inception. Gilbert also made a cardinal advance 
hi 4^00118 geology by his recognition of laccoliths. 
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Hie great national surveys carried out at this time in¬ 
augurated a new epoch in American geology. The most im- 
pOTtant of the expeditions thus b^un under the auspices of the 
central government were F. V. Hayden’s Geological Survey 
of the Fortieth Parallel; Powell’s United States Geological 
and Geographical Survey of the Rocky Mountains Region ; 
and Lieut. Wheeler’s Grographical Surveys West of the One 
Hundredth Meridian. From these beginnings grew in 1879 
the United States Geological Survey, which, for breadth of 
scope, financial resources, and prolific results, is without parallel 
in the history of the science. 

With the establishment of this great national organisation 
the formal part of Dr. Merrill’s history fittingly ends, but the 
book continues, as noted above, with the history of some special 
questions. His writing is clear and dignifi^, as befits its 
subject; and it is enlivened and diversified by numerous 
biographical sketches and anecdotes of the men who built up 
the magnificent edifice of American geology. While it may be 
too much to say that American geologists lead the world in 
earth science, they are nevertheless in the very forefront of 
its advance. 

WlUiXAX OB£EBi SOME VEBEOEAE VOTES. By Sir Ronald 

Ross, being a review of: The Life of Sir WiUiam Osier; By Harvey 

CUSHINO, [2 vols. Pp. xvi + 685, and xii + 728.] (Oxford: University 

Press. 1925. Price 374. 6 d. net.) 

Prof. Harvey Cushing (C.B., M.D., Sc.D., LL.D.), of Harvard 
University, did well not to stint space for the biography of 
his friend ; it is the complete history of a complete man— 
nothing shorter would have served ; for had a shorter one been 
attempted. Osier’s other friends (of whom I hope I was one) 
would have each lodged a separate protest. This book is what 
we have been expecting ever since we learnt that Cushing 
had undertaken the duty ; and we are a formidable body: all 
Osier’s acquaintances were his friends. Just the right attitude 
has been adopted. The book is a temple of entablatures— 
Osier’s letters and portraits ; and the author merely leads us 
from one to another of them. That virile form, not tall, not 
heavy, instant and various with a spark of vivid energy derived 
from a real fire of genius in him, appears, stands, or vanishes 
in every page, as it did in life among us. Most men are terribly 
the same, ana as we ^ow older we tend to fall together into a 
few familiar t5rpes ; but Osier was always different. I l%ure 
him to m3rself standing arm-in-arm with young men on either 
side of him (all young men gathered round him) to offer us wel¬ 
come—a grave, keen face sudd^ly lighting into a jest. His 
manner and manners were the best American, so uiUike ours. 



WILLIAM OSLER: SOME PERSONAL NOTES isi 

There was no shade of insincerity about his courtesy, nor about 
his opinions. His conversation flickered from point to point 
like summer-lightning. He mentioned many persons, but never 
discussed personalities. There was no censure in him—^nor 
indeed any controversy. He seemed never tired, abstracted, 
nor lethargic. Though medicine was his first preoccupation, 
yet in a moment he would turn off into some garden of philo¬ 
sophy and gather one a flower or two there ; and he remembered 
evciythine, including his listeners. 

I think I met him first at Liverpool in 1901, just before I 
started for Sierra Leone in order to give a practical demon¬ 
stration of my method of “ mosquito-reduction ” against 
malaria ; but I was too full of the scheme to remember details. 
After several subsequent meetings at various congresses, we 
were together, or at least in proximity, at Guernsey in the 
summer holiday of 1903, where we swam and fished. In 1904 
I returned with him from the World's Fair at St. Louis to his 
house in Baltimore, where I revenged myself for a joke he 

E layed upon me in the train by finding mosquito-larvae in his 
ack yard, as mentioned by Dr. Cushing-^sler, who had 
failed to find the larvae, having declared that the adults had 
been blown into the town by the wind. Next year he was 
appointed Regius Professor of Medicine at Oxford. In 1911 
he received a baronetcy, and he, Lady Osier, and their son 
Revere spent the summer holiday at Llanddulas on the north 
coast of Wales, at my suggestion, Sir David and Lady Bruce 
and ourselves being also there—we had received the K.C.B. 
at the same time. During the war I had often to inspect a 
malaria-hospital at Oxford, and visited the Osiers several 
times. Then came the loss of his son at the front in 1917— 
I had lost my elder son at the beginning of the struggle. Osier 
died at the end of 1919, at the age of seventy, in consequence of 
a “ cold ” caught while he was motoring back from Edinburgh 
dining the railway strike. 

What was his exact' place in the medical hierarchy ? Medical 
work is of three classes—practice, teaching, and investigation. 
In this country—which is now, let us hope, approaching^ the 
promised land of civilisation—^the practitioners still constitute 
the most important branch of the profession ; they obtain (if 
successful) the principal honours and titles ; they manage the 
profession through learned or academic bodies ; and it is they 
alone who can ever collect any wealth from their work. A few 
centuries ago they constituted the whole profession in England, 
j^t as they now do in most eastern countries, and the prescrip¬ 
tions of our most learned physicians were precisely similar to 
those of any hakim to-day. Formal medical teaching (apart 
firom apprenticeships) commenced only a little time ago in 
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modoti Europe; and formal investigation (apart from mere 
obsovation or theorising) is of quite recent growth, and is still 
confined to a very smaU proportion of medical men. Formal 
teaching is already being largely superseded by the medical 
press, and is still poorfy paid. Investigation, however, is 
rapidly taking the first place ; nearly all recent medical advances 
are due to it; it is full of immense potentialities for the whole 
human race; but, being new, it is the worst paid and least 
influential of all the branches of medicine. The English- 
speaking peoples are particularly stupid in this respect; they 
pay practically nothing for the advantages which they are 
daily receiving from research, and they are too dull even to 
recognise their Pasteurs when they possess any, much less to 
help them. They leave them, like their poets, to live if 
they can. 

Osier shone in all three branches of medicine. He was 
one of the first to study Trichina in man in America, and also 
the parasites of malaria discovered by Laveran in 1880. Good 
and strenuous work in these and many other lines ; but, as 
with most doctors, his circumstances soon compelled him to 
descend to practice and teaching for a livelihood. He held 
academical posts and professorships at McGill, Philadelphia, 
Baltimore, and Oxford in succession, and was often in large 
demand as a consultant, besides his work at hospitals. His 
^extbook. The Principles and Practice of Medicine, was first 
published early in 1892, and had great success, rapidly ousting 
the older works. The copy which he gave me in 1905 was of 
the sixth edition, and contains only 1143 pages—^though it 
mentions most of the relevant facts. This condensation is 
reached by an excellent terse style, and by omitting the diver¬ 
sions of the numerous authors who, when they cannot make a 
discovery, find it necessary to invent one. Doctors are usually 
good at observation, but bad at logic; they are easily gulled 
by pretenders; and many of their tomes are chiefly puffed 
up with the diet of Milton’s sheep. Though he did not argue 
much. Osier always had a keen eye for literary colitis. On the 
other hand, like most medical men, he was not at all “ quantita¬ 
tive ” as I called it^ and would chaff me on my mathematical 
studies of the " epidemical ciuwe." He can rest in peace— 
we shall go on dymg of epidemics in spite of my curve I 
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BdaiMty tnd Common Seme. By F. M. Denton, A.C.S.I., MJ.E.E. 

[Pp. vii 4- 479.] (Cambridge : at the University Press, 1924, Price 

105 . 6 d. net.) 

So many books on Relativity, popularly written and otherwise, have already 
appeared that it must be admitted some excuse is needed for adding still 
another to this large collection. In this respect the author justifies himself 
by addressing his remarks in particular to those who have already tackled 
the subject but have found that their everyday common>8ense notions have 
proved too un3rielding to enable them to grasp or appreciate the apparently 
revolutionary hypotheses on which the theory is founded. The treatment 
difiers in consequence from that usually adopted in that much greater attention 
is given to the analysis of the new ideas, and in showing that they are not 
inconsistent with experience, than to the logical development of the theory. 
The author cannot be reproached with having shirked the difficulties, in fact 
if anything they arc treated in rather too much detail, with the result that 
there is a considerable amount of repetition. It is felt that a great deal might 
have been omitted in the earlier part of the book, particularly the rather long 
discussions on the bases of scientific truth which, however interesting they 
may be to students of philosophy, are not likely to help those struggUng to 
obtoln an insight into the special problems of relativity. As alrec^y men¬ 
tioned, the special and general theories are not treated separately as in most 
books on the subject, but rather the whole account is concerned principally 
with the description of phenomena and events in the four-dimensional 
space-time continuum and of the way in which phenomena would be regarded 
by a universal observer in such a world; the illustrations, in the case of 
certain simple problems of intersections of world-lines with planes parallel 
to rile difierent pairs of axes defining the four-dimensional world, are a novel 
and useful feature of the book and should serve to provide a clearer mental 
picture of the idea of “ interval " in four dimensions. The latter portion of 
the book appears rather drawn out, and the considerable amount of repetition, 
in the form of examples,, etc., makes reading somewhat wearisome. The 
equations of the Loxentz Transformation are deduced by a roundabout 
method requiring more patience than mathematics. The conception of 
hummocks in the four-dimensional continuum, arising from the presence of 
gravitational fields, is developed in a simple manner, and their effect on the 
geometrical relations of the space-time manifold is indicated as simply as 
possible by means of the general formula for the element of inter^ ds, 
without entering any further into the mathematics of the question, which 
would of course be impossible m a book of this kind. The account ^ven is 
eccurate although rather rambling, and is likely to prove of considerable 
help to those whom the author hSs in mind, J. W. Fxshss, 

Itoittis Oonlatsiioas siiv Ul fhteris de H RdativIM. By A. Einstein. 

96.3 (Paris: Gauthler-^^ars et Cie, 1925. Price 12 Irs. net.) 

Tttia book is a French translation from the German of a series of four lectures 
'M the Theory of Relativity dt^vered by Einst e io at Princetown University, 
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and It needs, therefore, no extra recommendation to those interested in tius 
snbi^t and possessing the necessary mathematical knowledge. 

The first lecture deals with " Space and Time in Pre-rolativistic Physics ** 
imd introduces the theory of tensors. The second lecture is on the Special 
or Restricted Theory of Relativity; while the third and fourth are concerned 
with the general theory. The ^ird lecture deals with the geometrical 
foundation of the general theory, together with the general theory of tensors; 
while the last deals principally with special solutions for the gravitational 
field together with a discussion of the cosmological problem. Brief mention 
is made of Weyl's extension of the theory to the electro-magnetic field, but 
Einste^ is of opinion that the correct solution of this important problem has 
not yet been reached. 

J. W. Fisher, 


Xba Production and Heasnrement ot Low Pressures. By P. H. Newmah, 
D.Sc., A.R.C.S., D.I.C., F.InstP. [Pp. 192, with 48 figures.] 
(London: Ernest Benn, Ltd., 1925. Price 16s. net.) 

During the last twenty years a number of the most fertile discoveries in 
the domain of ph3rsics have been attributable in large measure to advances 
made in methods for producing high vacua, and, as the importance of this 
branch of the science has become more and more realised, increasing attention 
has been afforded it, with the result that it now occupies a position of con* 
siderable eminence. Very few attempts, however, have been made to collect 
the literature of the subject, which is widely scattered among the different 
tadbnical journals. 

The volume under review should therefore be greatly appreciated, for it 
deals with the subject in a decidedly comprehensive manner, and is phrased 
in a clear and easy fashion that is well suited to a book largely occupied with 
detailed description of apparatus. It is thoroughly up-to-date, and contains 
an appreciable amount of very recent work, but full treatment is also given 
to the older pumps and gauges, many of which, besides being of historical 
interest, are still in use for cer^n special purposes. In the chapter on sorption 
prooesdes a large amount of useful data \^1 be found, and many of the results 
are tabulated. This chapter, in view of the importance of sorption pheno* 
mena, one would like to see extended, but the nature of the task the author 
has already completed will be realised when it is stated that in the course 
of the work there are over two hundred references to original papers. This 
is a feature of great value, especially to the research worker, who would 
doubtless like to see these references, which now occur simply as foot-notes, 
appearing again at the end of the book in the form of a classified bibliography. 

Much ground is covered m the treatment given to thermal, chemical, and 
electrical processes, many of the phenomena described beiim of excep^nid 
interest, and admitting of no easy theoretical explanation. The last chi^ter, 
on exhaust procedure, is rather on the short side, but contains very practical 
information; in fact, the book is throughout of a definitely practical character, 
the minimum of space being allocated to theoretical discussion, and even 
mathematical work is everywhere reduced to the bare outline necessary to 
indicate methods of proof of formulas quoted. The volume is well illustrated 
with good diagrams, and there axe a number of convenient tables, in particular 
those dealing with vapour pressures, pump speeds, and manometer ranges, 
should he found very serviceable. 

Although intended mainly for the physicist and engineer, this book should 
make a more general appeal on account of the attractive manner in whioh 
the many interesting phenomena dealt with are described, while at the aame 
time it afford a thorouc^ introduction to a most fascinating sul^ect, 

Ivor BacicBUiune. 
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fllfllOQNdiai^ B?(tettOll« By C. £. GtnrB» Professor of Physics at the 
University of Geneva. [ 1 ^. xii + 172, with 4 diagrams.] (London: 
Methuen d: Co„ Ltd. Price 6s;) 

A COLLECTION of three papers, one on a classification of the sciences, and 
two on the philosophical aspect of the laws of thermodynamics, considered 
as statistical x>nnciples. 

In the first part of the book the author suggests a metaphysical classifica¬ 
tion of the sciences based on the primordial conceptions of number, space, 
time, matter, life and thought, a classification which has been rendered 
possible by the correlation brought about by means of the relativity principle. 
He indicates the broad lines of advance along which it is probable science 
will follow. 

The title of the book is based on the idea that physico-chemical sji^ms 
have evolved from the primordial energy or matter along paths trending to 
more and more probable states. The laws governing the evolution £ive 
become more and more complex as the final state is approached, and the 
course is governed by the increase in entropy which accompanies all physico¬ 
chemical change. 

The apparent simplicity of the exact physico-chemical laws is due to these 
being the laws governing large numbers, lienee has not yet acquired a very 
deep insight into the more complex laws governing the individuals of the 
system. It is possible that the exact physico-chemical laws will not hold 
rigidly in the minute cellular structure of living beings. The very material 
fluctuations from the statistical laws occurring when the number of individuals 
is small may give rise in the living cell to a course of evolution which does 
not follow exactly the principle of a change to a more probable state. 

The method of treatment of the subject is very refreshing, and the con¬ 
ceptions advanced stimulating. Anyone who desires to gain an insight into 
the general relationships of the sciences is recommended to read this book. 

W. E. G. 

Fhnioal Ohemittry for Students of Medicine. By Alexander Findlay, 
M.A., D.Sc., F.I.e. [Pp, ix + 227.] (London: Longmans, Green & 
Co., 1924. Price S$. 6 d. net.) 

Though written in the first instance for medical students, this book may be 
recommended equally well as an introduction to physical chemistry for 
students of biology in general. The book is divided into twelve chapters^ 
of which the second, fourth, eighth, tenth, and twelfth are respectively 
entitled ** The Aqueous Milieu of the Life-process,** ** Osmotic Pressure in 
the Uving Organism,** ** Hydrion,*’ "The Colloidal State,** and "The 
Permeability of the Cell Membrane.** From these headings it will be seen 
that the book does not simply follow the conventional lines of pure physical 
chemistry, and a perusal of t^ text will convince the reader that it is udl of 
useful and instructive applications of the principles described. A valuable 
feature of the book is the inclusion of a number of simple calculations of 
the type that frequently confront the physiologist or biochemist, such as those 
connected with osmotic pressures of salt solutions or the conversion of gram 
equivalents per litre into P. values, etc., etc. The book is written throughout 
in a manner likely to develop interest in and to emphasise the significance of 
physical chemistry as applied to biological problems. P. H. 

MifSMritioii from a Hiysioo-oheisioal Viewpoint. By Jacques Loeb, 
Member of the K^kefeller Institute for Medicid Research, 

^ 243*1 (London: McGraw**KilI Book Co., 1924. Price los. net.) 

book is a record of experiments devised and carried out by the aoth^ 
iMMI his characteristic ingmuity for the purpose of correlating the process 
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oi regeseratloii with the quantity ol diemteal mnteriaL The ^xpertamta 
were caitied out in a greenhouse in which no iUnniinating gas was iised« 
and no smoking aUowed, and stress is laid upon the absolute necessity lor 
the success oi the experiments of pure air» proper temperature, good illumina* 
tion« and protection of the plant against parasites. The author’s aim has 
been to provide experimental evidence for what he terms the mass relation— 
namely, that equal masses of sister leaves produce under equal conditiOBS 
cd illusiination, temperature, etc., approximately equal masses of shoots and 
roots in equal time. The establishment oi this relation makes it possible to 
suggest that the reason why isolation of a leaf leads to regeneration is that 
the material available in the leaf for growth collects as a result of mutilatimi 
in places where it would not have accumulated without mutilation, and this 
lea^ to growth in places of the organism where no growth would otherwise 
have occurred. The process of regeneration is thus revealed as a purely 
physico-ohemical phenomenon leaving, in the author's opinion, no room for 
the postulation for guiding principle aside from the purely, ph3rsico-cliemical 
forces.” The book is divided into two parts, the first correlating mutilation 
and regeneration on the basis of this mass relation, and the second making 
an attempt at a similar treatment of the problem of the polar character cd 
regeneration. A number of drawings from nature are incorporated in the 
text P. H. 

Book of Ksowladgs aoqnlrsd Oonoemliig the C!utti?ation ol Okdd. By 

Abu'i>Quasim Muhammad ibn Ahmad AU-lRAgi. Arabic text, 

edited with a translation and introduction by £. J. Holmyard, M.A. 

[PP. V 4* 62 + 51.] (Paris: Paul Geuthner, 1923. Price 30 frs.) 

Thb alchemists have been the subject of much ridicule and abuse, and from 
Chaucer to Balzac they have suffered at the hands of literature much the 
same treatment that the modem chemists endure from the popular press. 
This is perhaps natural in a world where talk counts for more than deeds 
and the alchemists, like their lineal descendants, were attacked by the itch to 
try things. They were, essentially, experimenters in a philistine scholastic 
world and, as such, laid the foundations of modem chemistry. Their dib- 
Ooveries were not unimportant, but their environment forced them to pretend 
that they were philosophers in the narrow sense of the term, to throw the 
doak of respectability over their base artisan occupation, with the result 
that much of their work is now unintelligible. Nevertheless, to the chemist 
sidio loves his subject, the early period of its history is particularly interesting, 
and the disentanglement of experimental fact from, philosophic jargon a 
fascinating problem. For these reasons we are grateful that this Arabic 
manuscript has been made generally available by one who is b^ a chemist 

Arabic scholar, the more so in view of the few Arabic writings which 
have been translated, and of the very probable influence they had upon 
alchemical investigations in Western Europe. 

The theory on which the present work is founded is that all metals are ^ 
essentially the same, differing only by certain accidental properties wfaiob 
can be removed ; for example, the imperfection of silver as compared with 
^4 being due to excess of coldness, copper to excess of hotness and dr3mes8, 
ime sugg^ed method of transmutation is ba^d on the biological ideas of 
absorpuon of food and of animal reproduction, but metals are apposed to 
lack me power of rejection of what is not appropriate for them. The book is 
unusually clear for its type, it shows that the author had considerable chemiqtf 
knowli^ge, and gives a vivid picture of the striving for truth 6f the al^omist 
burdened with afalse premise; one wonders if our own efforts will seem less. 
wrong-headed seven hundred years hence. Zt is perbam too much to hope 
that boolf; will be mad by other than the enthusissti but we trust ttuit Vm 

will not deter the translator and the publisber from fulfilling the p rpepkpii 
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Udd out kt die introdocticitt/ of #their similar translations, as they are making 
no mean oontribution to learning by rendering those writings available to 
those 'wbo can appreciate them. The reviewer remts that he is unable to 
oSer any opinion on how dosely the translation follows the text. 

O. L. B. 

nt ** Ohemioal Age COKunioal Diotionary. Ohemieil Venus. [Pp. 158O 
(London: Ernest Bonn, 1925. Price 165. net.) 

This book is designed to give a brief definition or indication of the meaning 
of the various expressions and names in common use in a branch of science 
which is clearly indicated in the title. How far it will be of use is probably 
a matter of opinion, but a competent practitioner of that science should not 
require definitions of acetylation, acid salts, Boyle's law, flash-point, halo* 
genation, nor indeed of the majority of the terms included, and should know 
where to find information about more recondite expressions. The uninformed 
may find some help, although an account of theNemst Heat Theorem in less 
than a hundred words is not likely to leave him much wiser. With a book of 
this kind, it is natural for the reviewer to turn to those subjects in which he 
is particularly interested. It is unfortunate, therefore, that the section dealing 
with oximes is so extraordinarily inaccurate; indeed, it is obvious that the 
writer of the article has not a rudimentary knowledge of the subject; the same 
may be said of the article on the Beckmann change. There are other minor 
mistakes, but on the whole the information supplied is accurate.—O. L. B. 

flbmthitto Organic Oompoondi. By S. P. Schotz, D.Sc., Tech., F.I.C. 
[Pp. 4x2. with z 10 illustrations and graphs.] (London: Ernest Benn, 
1925. Price 45s. net.) 

The author of this book does not make its scope very clear either in the 
title or the preface; it deals, however, with the manufacture of a number 
of classes of organic compounds which have hitherto been somewhat neglected 
ht English technical literature, although explosives and a few of the commoner 
intermediates for dyes are included. Other subjects considered are synthetic 
solvents, perfumes and flavouring agents (under the misleading heading 
Bathetic aromatic compounds antiseptics, sweetening agents, tannins, 
arnficial silk, compounds used in chemical warfare, and plastic masses. Tha 
ohoke is catholic, out on no very obvious plan, and gives an unusual signifi¬ 
cance to the term *' synthetic." Within the limits imposed by the size of 
the book the author gives a good r6sum6 of the chemical aspect of the manu¬ 
facture of the various products, with numerous criticisms and suggestions 
which give an individuality to the work and make it much more vcduable than 
the usual abstract of the patent literature. Very rightly, engineering problems 
are not entered upon in any detail in the text, but many excellent diagram 
of modern plant and its lay-out are included from which the reader can gain 
a general idea of the mechanical part of the operations. 

Jttd^g from those subjects on which the reviewer has specialised know¬ 
ledge, th e information is for Uie most part reliable and up-to-date; some 
m ls to kes , however, occur; for example, on p. 123 tertiarybutylmethylaceto- 
gumone is called tertiarybutylmethoxycresol, and on p. 126 trinitrotertiary- 
hutyl^-cresyl-methyl ether is descrilied as a ketone musk; on p. 263 teta^ 
nitzoenilme is described ^as being soluble in the usual solvents, whereas it is 
decQfi){K)Sed on warming with many of the common organic solvents; on 
p* efit it is stated that only 2:3:4- and 2:4:5- trinitrotoluenes be^es 
tte simmetric^ compound have been found ih crude T.N.T., whereas J>Tpw 
his mwn that the 2:3:6- compound is also present, whilst on p. 297 tfa^ 
it oonfutkm betw^ trisulphide and sulphide. 

^ 3m printing, diagrams and general get-up of the book axe good, but the 
the reach of many young chemists and students who 
fiiid it of m b m t and use. O. L. B. 
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A litfCbocdk of Oentral Boteny. By G. M. Smith, J. B. Ovsatom, B. M. 
Gilbert, tL H* Deknistok, G. S. Bryan, and CHARi.sa E. Ai4uavr, 
[Pp* X-f 407, with 321 figures and 7 plates.] (New York; The 
Macmillan Co., 1924. Price 165. net.) 

Elementary textbooks of Botany, to which class this volume belongs, are 
now so numerous that they present a wide range both as to their selection 
of matter and as to its manner of presentation. In the present instance the 
treatment is extensive rather than intensive. 

Nearly half the text is taken up with descriptions of the various plant 
groups, included amongst which are short chapters on the Bacteria and the 
Myxomycetes. Anatomy and Physiology are rather cursorily considered, 
whilst the subject of the soil in relation to the plant is dismiss^ in less than 
a page I 

Amongst the less usual features may be mentioned the chapters deeding 
respectively with the economic significance of plants and the geographic 
distribution of plants in North America. 

The book is profusely illustrated with diagrams and photographs which 
are mostly well chosen. There are also seven plates occupied by portraits 
of prominent botanists. 

The book is one that covers familiar ground in a familiar manner, and if 
indeed there is rather a lack of individuality in the treatment, probably due 
to the multiplicity of authors, the text nevertheless contains a great deal of 
information clearly expressed. E. J. S. 

A Taxtbook of Oeneral Botany for Colleges and TTniversitiei. By Richard 

M. Holman and Wilfred W. Robbins. [Pp. vii -f 590, with frontia* 
piece and 374 text figures.] (New York: John Wiley & Sons; 
London: Chapman & Hall, 1924. Price 205. net.) 

This textbook is based on lectures delivered in the University of California 
to Agricultural and Arts Students. Its object is to set free time that would 
otherwise be used for formal lectures, and use it for the purpose of answering 
questions. The authors hold that tlie agricultural student should be pro* 
^ed with a broad survey of the elementary facts of botany as well as with 
those aspects of the subject which have a direct bearing on Agriculturid 
processes and problems, and that botli the agricultural and the ordinary 
student will be gainers if economic plants are used, where suitable, for iilus* 
trative purposes. 

The work is divided into two ports; the. first portipn deals with the ana* 
tomy, ph3^iology, and morphology of the flowering plant. Illustrated 
historic^ surveys are given which should heighten the interest of the student. 
The anatomical part is exceedingly well done, and is profusely illustrated 
with very carefully selected text figures and diagrams, and the admirable 
way in which such a difficult subject for the elementary student as secondary 
growth has been treated might be selected for special mention. Recent worb; 
such as that of Wittstatter and Stoll on Chlorophyll, and of Weaver on tike 
form of the root-83rstems, etc., are adequately dealt with. Such {Hpoeases 
as prunii:^, budding, and grafting are fully described and illustrated. Hm 
drawings of the castor-oil seed, Fig. 208, are inaccurate, and should be 
replaced. 

The second part, which describes the lower groups, includes a general 
chapter on this Spermatophyta and one on Evolution and Heredity. Ibis 
portion of the work, althou^ very good, is not quite equal to the fixit pi^. 
The illustrations do not seem to have been selected with such care^ ag. no 
figure is provided of the vegetative Shoot or strobilus of selagineUa, or M tbn 
anatomical structure of the fern stem, and in the chapter on HerMity 
one figure is given, vis, one ^wing leaf-variation in 1^. 
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Bryophyta> Algae and Fungi ate very well presented, and due emphasis placed 
m tte economm importance of the Fungi aud bacteria. By a slip, it is stated, 
on p. 363, that the Kelps tirere formerly believed to be isogamous. 

^e work is quite an excellent one^ and can be strongly recommended 
to the student. E. M. C, 

Hailt Ute an Bast AngUan Heaths. Being Observational and Experimental 
Studies of the Vegetation of Breckland. By E. Pickwortu Farrow, 
M.A., D.Sc. [Pp. X + 106, with 23 plates, containing 46 photographs, 
and xo figures in the text.] Cambridge: at the University Press, 
1925. Price ys. 6 d, net.) 

Brbcklakd, or the Breck country, which is the region described in this 
book, is an extremely interesting district. Owing to the comparatively flat 
nature of the land, to the small rainfall, and the sandy nature of the soil, 
the conditions under which the vegetation is growing approach very nearly 
to those of the steppes. The species of plants are not the same as in the 
continental steppes, but many plants of Central and Eastern Euxbpean 
distiibution, not met with elsewhere in England, are to be found growing 
here. Dr. Farrow is of the opinion that some at least of the sand 1 :^ been 
blown from the Wash basin, a view which is strengthened by the fact that 
some few typical dune-plants grow in the region, and that various littoral 
insects, birds, and shells also occur here. The area has probably never been 
of much agricultural use, and has been for a long period comparatively free 
from much direct interference from man. At the present day it is mostly 
used as rabbit-warrens. 

These animals have been proved by Dr. Farrow, by means of a series of 
simple and ingenious experiments conducted on the field, to exert a very 
far-reaching influence on the vegetation of the district, and they constitute 
an important factor in determining the present distribution of the plant 
communities. The comparative treelessness of the area—woods are only 
found in the valley-pans where there is plenty of water—has been shown to 
be due neither to the very low rainfall nor to the quick permeation of the 
water through the sandy soil, nor even to the low water-table, but mainly to 
the activity of the rabbits. 

Such trees as Pinus sylvestris and Quercus sessilifiora grow, but only 
veiy slowly, in plantation in re^ons comparatively free from rabbit attacks, 
and Dr. Farrow's experiments indicate that regeneration would take place 
were it not for the biotic factor. Indeed, the author holds that this area 
and other heathy regions in the South Downs were once wooded. The 
arguments tmt forward for this view are not decisive, and this part of the 
book is the least convincing. The rabbits also attack the other members of 
the vegetation differentially, so that) for example, the Calluna heath degene¬ 
rates to ^rass heath; taller plants and inflorescences fall easy victims to their 
depredations, and some plants are prevented from flowering. These influences 
cause a ccmidnual upsetting of the balance of species, leading to a constant 
ilhifting of the dominant type of vegetation. 

C^er areas have been compared, by the author, with the Breck district 
In this respecti and the conclusion drawn that the effect of grazing and other 
a nima ls on the development of successive phases of vegetation is much 
greater has been supposed hitherto. 

^^qperiments and observations were also made on the competition between 
d^tetent species of plant m mixed associations and between different peurq 
plant associa ti ons in this and other areas. In the case of the former the 
ahedeamt by the taller and quicker growing plant is regarded as the most 
motor in suppression, except in cases where the biotic factor is 
m S mi ti n g osm and the taller plants are more readily destroyed by animals 
than Hk the case of competing pure plant aasodatiooi these 



i 6 o SCIENCE PROGRESS 

two OjppoMd ageades bave been ehown to be the moet active in detenaiaiiit 
tbe aoccettion of the vegetation, the precise nature of the change de pend i n g 
on ti)e intensity of the attack of the rabbits. Other chapters deal widl the 
^ect of wind and blown sand on the vegetation, effect of increaaM water 
supply, and the former distribution of Calluna heath and woodlands in 
England. 

Ube work is of a most interesting and stimulating nature. It is more tliaii 
adequately illustrated by photographs and diagrams, the former givisig a 
(dear idea not only of the vegetation of the area, but also of the nature of the 
experiments. It should prove of great use to students of plant and a nim al 
life, and suggestive to workers on similar problems. The very moderate price 
is also a recommendation. £. M. C 

Orginio Adaptation to Environment Edited by M. R .Thoxpx. [Pp. xviH -f 

312, with 34 figures.] (Newhaven: Yale University Press; London: 

Oxford University ^ess, 1924. Price 185. net.) 

It is now generally recognised that change, whether secular or rapid, is an 
essential characteristic of both the physical and biotic factors which make up 
the complex of conditions we term the^ environment. Adaptation of the 
organism to this changing habitat, the reciprocal fitness of the individual 
and its natural surroundings, is at once a necessary qualification for present, 
survival and, by reason of the specialisation involv^, a possible handicap 
to future persistence. 

Adaptation to the environment thus presents itself in one of two guises, 
according as it is viewed from the static or dynamic standpoint. In the one 
the indi^dual at a given phase, usually maturity, is apprehended in relatfcHti 
to its surroundings at a given time, whilst in the other we see the ordered 
sequence of ontogenetic change in relation to a relatively stable habitat, or 
the interplay of changing environmental conditions and the phylogenetic 
development of the race. 

This last aspect is admirably presented in these pages by Prof. C. O. 
Dunbar, who gives a lucid account of the progressive coilmg of the Cephalopod 
shell probably in relation to increasing buoyancy~>an hypothesis supported 
by the association of heavy ballasted types of shell with a straight form. 
As for the “gerontic'* t)q)es, these are regarded as correlated the 
assumption of a vertical rest position, in place of the horizontal one charac¬ 
teristic of their ancestors. Again, amongst the Ammonites, tiie phylogenetic 
succession, from types with a simple suture in the Palaeozoic to types with 
such highly complex sutures as Pkylloceras in the Jurassic, can be vkuaMied 
as progressive adaptations to the increased pressures accompanying an 
increase depth range. 

The environment itself is the subject of a diapter Prof. O. E, 
Nichols, who treats of it from the botanical standpoint. The fa^oie are 
grouped as Climatic, Physiographic, Biotic, Anthropic (Influence of ManL 
and Pyric (Influence of Fire): a classification in which the grouping d 
Topographic and Edaphic factors together is, we venture to tnmk, aa 
undesirable as the separation of the eflects of Man from the other BluUo 
factors. ' 

In its eflect on internal parasites, as for example the Tapeworma, tite 
environment is conceived by Prof. Petrunkevitch as a stabUislng firebar 
which ** protects the average from the dangers of an escape from a happy 
mediocri^.'' On the other hand, there appears to be no evidemoe that turn 
species o| internal parasites have arisen by the selection of lavouiulda 
mnUUonB. 

The problem as presented by the Protoioa is dealt with by 
Woodmfl, who shows that the unicellular organism, dcapita ihe 
that the simplicity of its construction imposea^ pr e se n ta tha If 
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the WM 4 eigtee oi adaptability as the Metaaoan organism, whether 
tee the phyakx>-chiemic^ forces of the inanimate world or the conditiona of a 
biot^ environment. 

The fossil record in its botanical aspect is presented by Prof. Wieland as a 
story of resistance by the vegetable organism to the im^ss of the environ* 
ment. He postulates a more or less uniform and slow rate in the production 
of new types, and in a somewhat speculative estimate of the numerical 
frequency of species in past geolo^cal epochs Prof. Wieland visualises 
tim fdaat population throughout the ages as a vast inverted cone of which the 
cross section at any period is proportional to the number of the then existing 
•pe<^. One may, however, hazard the suggestion that the dominance 
and abrupt decline of successive plant and anix^ groups in past ages indicate 
the possibility that organic life as a whole was rather a series of inverted but 
truncated cones. 

The relation of environment to the origin of new types is discussed from 
the genetical standpoint by Prof. W. R. Coe, who rightly emphasises 
tbe importance of recognising that the visible characters of an orgamism 
are the product of both heredity and environment. Whilst mutations may 
possibly be responsible for the origin of all new types. Prof. Coe admi^ 
we are still in complete ignorance as to their cause. But in expressing the 
view that environment has nothing to do with their production he is perhaps 
less prudent, for no efEect is produced without a cause and, however indire<^, 
the changes in the genes must ultimately be connected with changes in the 
internal environment, and these in turn with changes in the external. This 
attitude is perhaps not unconnected with the dogma that there is something 
fundament^ly different between germ-plasm and soma, a view to which 
many zoologists so fondly cling despite the growing evidence that in animals 
as well as in plants the unspecialised cells of the soma are the potential 
equivalents of germ cells from which germinal tissue may itself originate. 

The parallelism in evolution shown in animals by the frequency>of albino 
varieties of totally unrelated types or the close resemblance in the wing 
pattern of butterflies belonging to distinct genera resulting in the phenomenon 
generally designated mimicry, or again the striking instances among plants 
to which attention has been drawn by Prof. Pavilofi—all these bear witness 
to the interaction of corresponding forces. 

Prof. R. S. Lull contributes a survey of the Dinosaurs and shows how 
the variety of their structure can mainly be correlated with the climatic 
changes in their habitats and the divergences in their habits; whilst in the 
final chapter JProl Huntingdon shows how the characteristics of human 
races have protebly been determined in the main by the peculiarities of their 
respective environments. 

It will be realised th^ the successive chapters are in the nature of separate 
essays only linked together by their central theme; but the very diversity 
of premises on which they are based and the variety of treatments which 
the subject-matter receives, render the volume of very real interest to the 
student of philosophical biology. £. J. Salisbury. 

, ^ 

" lilBk Anatetny, By Pitor. William Chabb Stbvbnb. Fourth Edition, 
^E>p. xiv. + 3^, with 135 ilhutratkms.]^(London; J. & A. Churchill, 
1934. Price 155. net.) 

i* a Bomewhat elementary account at plant structure in which the 
samder will probably experience acme surprise both with respect to inclnskns 
and cnniasioas. For examine, several paces are occupied with speculaitinin 
OB the pdiyloyeny of the vascular cylinder, but the reader is 1^ almost 
bntltdy in tile dark as to the facts respecting the mode of transition tram the 
, i dmtiB i mlca l st r o ci tui m of the wot to that od the stem. Whilst root ■ tr u c tur s 
mpd tiM mode ol oclpin of lateral roots reoeivs bat aosaty atteattoa sad tim 

u 
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descriptkm of stomatal organisation is of quite an elementSTv character, Uie 
speciiuised leaf structure of Bofyirichum and the very abnormal axial orgaclsa 
of Surjmia are both described and figured. 

Noteworthy features are the section of forty-four pages devoted to an 
al^fiiabetic guide to the microchemical recognition of the commoner pkutt 
piroducts, and the chapter of forty-five pages on reagents. 

The feict that this volume is now in its fourth edition bears witness to 
the demand for information on this subject; nevertheless one cannot but 
realise that, throughout the text, adequate advantage has not been taken of 
the opportunities for revision wMch these successive editions have afiorded* 
Even the illustrations are not entirely free from error, as shown by the diagram 
of the epidermis of an oak leaf, in which the stomata are portrayed as though 
similarly constructed to those of a Bryophytic sporophyte. 

It is much to be regretted that the inaccuracies in the text, though often 
of a relatively trivial ^aracter, materially detract from the value of a book 
dealing with an aspect of botany to which a reliable guide is a desideratum, 

E. J. S. 

SOOLOOT 

OntUnei of Eocnomic Zoology. By Albert M. Reese, Ph.D. [Pp. xix ^ 
318, with 194 illustrations.] (Philadelphia: P. Blakiston's Son dt Co.« 
1924. Price 2.501.) 

This book presents a very varied assortment of information about animals^ 
regarded from the point of view of their helpfulness or harmfulness to human 
activities. We are told that certain *' very large pieces [of coral] are much 
in demand in China for the official buttons of the mandarins ; that ** it ia 
estimated that in Paris alone 200,000,000 snails are consumed in a season^ 
September to April,'* but that “ they are a delicacy, not a staple article ol 
food, like beef.'* A further tribute is paid to French cooking on p. x^x, 
where it is stated that, owing to the scarcity of the diamond-b^k terrapm, 
** the French chefs are now said to be trying to induce the proprietors of the 
hotels to purchase the cheaper terrapin, promising that when they cure through 
with cooing them the guests will not know the difierence.** 

But the book also has its serious side. Every lover of animals will deplore 
the terrible depredations done by the senseless destruction often of rate and 
interesting species without the smallest economic justification. To quote 
one among many examples: on p. 171 it is stated that ** Besides beiiig 
killed for their hides, the alligators have been destroyed by the 
merely for wanton sport, so that in 1902 it was estimated their numbexs in 
Florida and Louisiana were less than one-fifth of what they were twenty 
years before that time, and, unless steps are taken to prevent it, the 
hide, as an article of commerce, may cease to exist in our Southern States/^ 
In the succeeding paragraph other consequences are mentioned: ** It hai 
been claimed that the destruction of the alligator has allowed the cane-xmt 
and muskrat to increase to a serious extent, former doing great 
to cxope, the latter often injuring the levees to a dangerous extent.** 

Very interesting accounts are given of the efforts of the Unked Suites 
Btttean of Fisheries and of Agriculture to stop the extermination of impoxtattt 
food animals, and to curtail the depredations of harmful ones. The 000k iB 
copiously and well illustrated, and can be heartily recommended, motB 
perhatm to the general reader than to the professed student, becatxse it ia 
desirable that the widest publicity should be given to the dangers of ignorant 
destruction of animeJs, and to the wonderful success that has followed Hie 
careful study of the habits of those animals whose arHficial cultivation baa 
been made necessary by such destruction. From both the iui4 

economic point of view the accounts ol the rearing of sponges, oystM 
lobsters, various species ol fishes# and tetrapins, make very mpxessive 
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Tbe diiptdf* m Utda and mamtnala, which together occupy about a 
of Ite book, are full of mtereatmg iafonnation told in a way sufSiciently 
free from technicalities to appeal to tne general reader. J. H. W. 


fto Mtomil teorettoli ol the 8ei Olanda. By Alexander LiPscHtlTZ, 
[Pp. xviii -f 513. with 142 illustrations.] (Cambridge: W, 
Heffer St Sons, 1924. Price 21s. net.) 

Although one of the youngest branches of physiology, the study of the 
internal secretions of the sex glands has already accumulated a vast and 
conflicting literature. English readers will therefore welcome this translation 
by the author himself, of Ihoi, Lipschutz's book, Die PuberidisdrUse und ihre 
Withung, The present edition is, however, more than a translation of his 
former book, for since 1918 so many important new facts have come to light 
that the book has been entirely rewritten to include them. 

The subject is introduced very appropriately by a discussion in the first 
chapter on the meaning to be attached to the terms sexual dimorphism ** 
and secondary sexual characters." The author points out that the classifi^ 
cation into primary, secondary, and tertiary characters, in so far as it implies 
a genetic dependence of one upon another, must rest upon a positive expeii* 
mental basis, and it is with the discussion of tliis basis that Prof. Lipschdtz'a 
book is concerned. 

It might at first sight be supposed that the sex cells are themselves the 
real primary characters, but in truth the problem is greatly complicated ^ 
the fact that the development of the gonads is also under the influence of the 
thyroid, adrenals, and h5rpophysi8 cerebri. Some fixed point must, however, 
be taken, at least provisionally, as a starting-point for investigation,' and 
Prof. Lipschiitz takes the sexual gland itself as his " relatively quiescent 
basis." and proceeds to inquire how far the other sexual characters are 
dependent genetically upon it. That being determined, it is then possible 
to ask how far other parts of the organism are capable of influencing these 
characters ; on the one hand, indirectly, by their action on the sex gland* 
and on the other hand directly on the sexual characters. 

The second chapter is accordingly devoted to the eflects of removal of 
the sexual gland in the various groups of the animal kingdom, and Chapter II 
deals with the various ways in which the influence of the sexual gland, through 
internal secretions, has been investigated: by transplantation, feeding, and 
injection. In the two following chapters the evidence bearing on the parts 
of the sexual glands responsime for the production of these secretions is 
reviewed in the two sexes. In the male it is concluded on the existing 
ovidenee that the interstitial cells of the testis are necessary for the endocrine 
aotivitv of the testis, and that there is no proof that the other elements, the 
•emisUferous tubxiles, are capable of such an activity independently of the 
Interstitial cells. In the fex^e, at least in mammals, the author concludes 
that it is " highly probable " that the cells of the membrana granulosa and 
titeca interna both take part in the production of the internal secretton ol 
toe ovary. 

The questloD next arises: How far are the endocrine products of the two 
gonads " sex specific' ? To this question Chapter VI is devoted, and 
uudttdes a review of the celebrated experiments of Steinach on masnmals, 
trom which the conclusion that " one and the same organ or tissue reacts in 
a different manner to the hormones of the gonad according to the sex of 
the latter " can, m the author’s opinion, be most confidently drawn. The 
^tesults obtained from birds and amphibia are less conclusive, and no effect 
hm so far been obtained on Arthropods from the transplantation of g^»ads 
tolibowttated meinbers of tbs opixwte sex. 

'Xllie boUc of the rest of the book is devoted to the subject of ** fattar- 
■W M wJi ty ,** t*o fvitdandatal questions beiag oodsidered: whether 
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ixmibliiatiofi of male and female iomatic aex characters is reaUy cimed 
Simulteaeotis presence of gonads of both senes in the same individital. AM 
if the first ques^n is to be answered in a positive sense, 
an ^'hormonic intcrsexnality " ... is caused by male aadjlfeiiuule 
Mdocrine bells, other than generative cells of any stage, simuitspMiily 
fnnctioziing in the same organism. Prof. Lipschfits considers tMt toe 
first questfon can be answer^ in the afSirmative on the basis of the tcans* 
plantation experiments of recent years, especially those of Stcinach and 
Sand. The second question is left open, for there are various objections 
urged agahist Steinach'a interpretation that pseudohermaphrodites really 
contain endocrine cells of both sexes. 

A specially admirable feature of this book, which strikes the reader on 
every page, is the very clear and unbiased manner in which the author 
hanmes Uie many complex and controversial problems with which this 
subject bristles. His treatment is scientific in the best sense of that much* 
abused term. A little too much weight is perhaps given to some rather 
isolated experiments, for example, to Minoura's transplantations of fowl 
gonads on to the allanto-chorionic membranes of chicks, which are mcntkmed 
no fewer than ten times. Since this book was published these experiments 
have been repeated with, it is claimed, totally negative results. ‘ 

In the discussion of homosexuality in man, and ** psychosexual behaviomr 
in general, the problem is regarded firom a purely physical point of view, the 
possibility of autonomous psychical factors not being considered. This wiU 
perhaps account for the conflicting results recorded of purely surgical attempts 
to treat this condition. So long as human behaviour is regarded exdusivmy 
In this way, and such agents as internal secretions are considered as ** causes 
of behaviour, similar results will continue to attend our efforts to relieve the 
aberrations of the human mind. J. H. W. 


A Qgnsral tat of Entomology. By A. D. Imms, M.A., D.Sc. [Pp. x -f 698, 
with 607 illustrations.] (London: Methuen Sc Co., 1925. lYioe 
36s. net.) 

Tbx earliest precise records of observations on insects are those of Azfstotle 
in the Histona Animalium, From that period until about the fifteenth osn* 
tury, there appears to have been very few contributions in this branch of 
Natural History, although there is evidence that in Arab culture from the 
ninth to the twelfth century, theHtsfona Animalium had some influence, 
especially in relation to bee culture and the silk-worm industry. In the early 
p^ of the thirteenth century, Alberto revived interest in the Historic 
Animalium^ but it was not until the development of the spirit of inquiry in 
Natural History, which began in Italy in the early part of the sixteenth 
century and rapidly spres^ over Europe, that any further noteworthy 
observations on insects were made. From that time several observers ma d y 
important contributions to the development of the subject, namely, £dwax4 
Wooton, Thomas Moufet, Kedi, Malpighi, Leuwenhoeck, and Swammerdans, 
to mention only a few. During the eighteenth century many important 
treatises appeared, written by authors whose names are to the 

student of entomology, namely Frisch, Reaumur, De Geer, Fabrieiiss, 
Linnaeus, etc. With an ever-increasing number of enthusiastic observers aM 
collectors, a flood of literature dealing with insects appeared during the 
nineteenth century. Of recent years influence of the economic aimot 
of entomology has resulted in a rapid expansion of our knowledge, and 
up-to-date general textbook by Dr. Imms will be welcomed by all interested 
in the sut^^. 

The author has freely availed himself of the facts made known dmiM 
recent years, thus bringing the subject into Hue with the requirement! c2 

^ A. W. Greenwood, Brif. /cere. Biology, vol. ii, p. 
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pt t wen tHlay student, research worker, and teacher. The subject-matter, 
widch Is divided into three parts, is of necessity greatly condeniM^, and one 
Is impressed with the wealth of facts which are gathered together in the 
volume. The list of references given at the end of each chapter is a useful 
feature of the book. The illustrations, 607 in number, several of which are 
original, are well selected and clearly reprc^uced and the fact that common 
species have in many cases been chosen for illustration of anatomical and 
other details will be valuable to the teacher. Part I (pp. 1-156) deals with 
the external and internal anatomy, physiology, and the various organs and 
systems of the body. Part II (pp. 157-89) deals with development and 
metamorphosis. Part III (pp. 199-^7) is devoted to the orders of insects. 
Short diagnostic characters of each order are given, followed by an account 
of the chief features of the morphology and anatomy and a short account of 
the different families, keys having been given in most cases. 

The classification adopted comprises twenty-three orders, the Protura 
^rder 2), being placed next after the Thysanura. and the recent order 
^raptera as a sub-order of the Psocoptera. It would appear, from the 
context of p. 290, that the spelling of the ordinal name Anoplura has been 
overlooked in proof-reading, as also the transposition of meso-and meta¬ 
thorax in lines 5 and 6 on p. 592. One or two minor points have been 
overlooked, e.g, 607 (title-page), Phthirus, P. pubis Linn. (p. 296). There is an 
author's index and an efficient general index. 

An important feature of the book is the presentation of a large number of 
facts made known during recent years; and a short introductory chapter 
dealing with the history of Entomology would have been fitting as giving the 
student a general perspective of the progress made in the subject. 

The mass of information which has been collected, and the evident care 
and experienced judgment shown in the clear and concise manner in which 
the facts are presented, should ensure a place for this volume on the book¬ 
shelf of everyone interested in entomology. The price, at 365., is reasonable. 

Jambs Davidson. 

A ni mals in the Miking: An Introduction to the Study of Devdopment 

By J. A. Dell, M.Sc, [Pp. xii -f 115, with 31 figures.] (London: 
G. Bell & Sons, 1925. Price 25. fid. net.) 

Apart from a couple of chapters on lenses and microscopes this text is an 
elementary study of the biological processes of reproduction. It is a healthy 
sign that 8Ch(^l8 are at last seriously considering the need to teach the 
elementary princi^s of biology and to aim at a clean and healthy under¬ 
stand^ of sex. ^e fact, however, in this ca.se that chapters on lenses and 
tnioroscopea are introduced into this book, instead of into a preliminary course 
of general biology, suggests that this paui: of the subject is being given undue 
mominence instead of naturally taking its place in a generd course of 
biological study. Some of the az^umenta used are not appro^mte. ^ 

Mifitto ftraeluM, Iheir Deterioration ud Presenretfam. By W. G. Atwood 
and A. A. Johnson. [Pp. 534 4- 169 figures.] T^blished by the 
Natkmai Research Council, Wasl^gton, D.C., 1924. 

One is sometimes depressed by the conviction that a huge fiaotion of the 
nsaterial fabric of our modem industrial civilisation is so transitory in fta 
nature. We regret the deterioration of noble structures like St. Paul's 
Cathedral, the Palace of Westminster, and Waterloo Bridge. We have not 
the will to build similar works, and so we witness with mixed feelings t^r 
ultimate decre^ude. On the other hand we see, without regret, so much 
move df rile structure, in stone, brick and lime, of our nineteenth-oentuty 
iactory-made Bnglaiid, on its raj^ way to the scrap-heaps and we hope 
rimt our oh O d ie o and graadobiidrea may do better. 
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The took under notice is a thoroughly practical one. It does not dei^ 
with sentimental considerations of any kind; it has as its concern the endurance 
ol hartour works, and it recognises that permanence is not a result to be 
sought. All such structures become obsolescent, and the time comes when 
it is expedient to replace them. The materials need not be such as will 
endure indefinitely, but it must be rather a nuisance when they do not last 
their period of usefulness—or, at least, profit. What the American marine 
engineer wants is knowledge that will enable him, on the one hand, to predict 
the period of usefulness, and, on the other, to choose materials that just 
eoodure throughout that period. 

Such materials are stonework, concrete, wood piling, metal posts, or other 
structures. All have proved to be less enduring than is desirable. Wood 
and concrete are destroyed ultimately by marine crustaceans and molluscs, 
and metal work corrodes. The properties of wood and metal are well known, 
but less is known with respect to ccment*materials. There is Roman cement 
which has withstood centuries, and Smeaton made use of cement in the con¬ 
struction of the Eddystone Lighthouse that has endured for over a century. 
It is remarkable that in neither case was the chemistry of the compounds 
known, yet they have been more permanent than are modern concretes, in 
spite of the opportunities for present-day industrial and scientific research. 

The book before us is the Report prepared by a Committee on Piling 
Investigations appointed by the Division of Engineering and Industrial 
Research of the American National Research Council. It is not a completed 
study of the modes of deterioration, and the best measures designed to 
minimise this, in the cases of marine structures. Much investigation is still 
suggested by the Report, which is mainly the account of the very numerous 
tests made on the Atlantic, Caribbean, and Pacific coasts of America. It 
includes a good biological survey in which the ecology of the marine boring 
animals has been very well done. For the rest, the Report includes very fuu 
details of the experimental and observational work of the Committee, and 
it is a compilation of results, stated clearly and very fully, and bringing 
together data which are certain to be of very great value to all members of 
the engineering profession who may have to undertake harbour works^and 
have the desire to investigate the materials that they use, A very large 
part of the book deals with the results of various method of protecting wood 
and metal structures that are placed beneath the sea. These resmts are 
probably of very considerable value. J. J. 

Oomis and Coral Beefs: An Introduction to the Study of Beodnt Oorale. 

By Prof. Sydney J. Hickson. Publications of the University of 

kbmehester; Biological Series, No. IV. [Pp. xiv 4- 257, with 110 

illustrations.] (Manchester: at the University Press; and Lmdon: 

Longmans, Green & Co.. 1924. Price 25s. net) 

Tns problem of the mode of origin of coral reefs in the various oceans of the 
world is one that has still to be laboriously investigated. Ilie time was, alter 
the publication of Darwin's observations, when what was regarded as a 
fairly complete theory had been made. Then came renewed work over a 
rather greater region than that actually seen by Darwin, and many diffierdties 
became ap^uent. In particular John Murray, after the return of tha 
Challenger Expedition, raised such difficulties and made a new theory 
which differed notably from that of Darwin. There was much controversy, 
and then general opinion followed Murray. Other expeditions and observers 
made new observations; the whole question became very complicated, and 
it was thought that experiment alone would clear up the matter. So tiiere 
was the famous Funafuti Expedition in the course of which a deep boring 
was made on what was thought to be a very typeal Pacific coral 
The results were inconclusive on thorough discussion and did not settie tto 
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qttAition of coral reef formation in the least. At present the opinion of both 
ge^ogists and soologists appeaiB to incline towards the Darwinian h3rpo* 
thesis rather Uian that of Murray. 

The problem has two aspects—one for the biologist and the other for 
the geologist. It is probable that no generally applicable explanations 
suffice for the coral areas of the Red Sea, the Indian Ocean, and the Pacific. 
In each case there are probably rather different modes of origin. In each 
case an at^lutely essential investigation must be that of the movements of 
the ocean bottom, or of the floor of the continental shelf. In many regions 
it is not clearly known whether that movement is one of elevation or depres¬ 
sion. The attentive study of such evidences as we have has only been made 
well in a few places (as, for instance, by Crossland in the Soudanese Red Sea 
Coast). This work must be greatly extended. In oceanic regions, as in the 
Central Pacific, the problem is much more difficult, and obviously it links up 
with geophysical investigation. The recent work of Harold Je&eys, for in¬ 
stance, is relevant to the question of coral reef formation. 

On the other hand, the coral reefs are the work of animal organisms, and 
the question becomes one of the ecology of these creatures. Little work of 
this kind has been done, but there are noteworthy contributions by Waylano 
Vaughan and Drew, for instances, and these indicate the interest of renewed 
biological research. From this latter point of view Prof. Hickson's book 
comes to supply an obvious want, for it deals, in a highly interesting way, 
with the morphology of the coral-building animals and plants. Not only the 
geologist, but also any zoologist who takes up this investigation, will find the 
book of extraordinary value. It is also one which will be read with advantage 
by the general zoological student, and it is so well done tliat one rejoices in 
its publication. The manner is pleasant, and very careful at the same time. 
There are photographs of most of the prominent species, and these alone give 
distinction to the b^k. It is rare indeed that a l^k on any part of zoology 
has been so beautifully illustrated. There are few college or even good school 
libraries that can dispense with the book, and it may be confidently recom¬ 
mended. J. J. 

leunaik-Darwiiii^ and Dental Disease. By Oran Starr, D.D.S., L.D.S. 

[Pp. xiv + 319, with 10 illustrations and 2 diagrams.] (London: 

Gf^ge Routiedge & Sons, 1925. Price 21s. net.) 

Any serious attempt to investigate the causes of the appalling and wide¬ 
spread incidence at the present time of dental disease in civilised man must 
be welcomed, not only by the medical and dental professions, but by the 
lay public as well. Dr. Starr has made a study of the subject from an entirely 
new point of view—that of evolution. Rather more than half the book 
discusses the laws of evolution, entirely apart from dental questions, and 
the author endeavours to show that, after life was spontaneously evolved 
from our chemical ancestors, its development has followed Lamarck's 
h3^the$i8 that acquired characteristics can be and are transmitted to 
ofispring. Darwin's law of natural selection, although not inoperative, takee 
a very secondary place. " There is chance in Natural Selection. There is 
jAysiology and anatomy in Lamarckism. Chance favours the best, but the 
best is built by the physiological action of Lamarckism." 

Coming to the question of dental disease, he says that the teeth of civilised 
man are rapidly degenerating, that this degeneration is due to a softness 
of the dental stoctures acquired by lack of proper function, and that this 
softness is being transmitted to subsequent generations. 

It is taken as certain that the body is capable of increasing or diminishing 
the quantity of lime salts in the teeth; but this is surely at present a 
teint Very much open to question, and still awaits clear pr^. Dn Starr 
qlsapjHrovM of the theory of vitamins, and substitutes one of Anoestro- 
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{MAwle,*' Imt his coiicliiftcm tluit title eesetitial factor in tiie preventte 
of dental diaeaae is to be foutui in a correct diet no one will disaipee wlio 
baa given any aerious thought to the problem. 

inie oooldng of practically all foods destro3ni their hbroiis character which 
compels proper mastication^ and reduces them to a pulpy, semi-fluid condition 
in which they cling to the surfaces of the teeth, where ^ey remain long enough 
to form those ac^ products of fermentation which initmte dental caries. 

Whether or not the argument from Lamarck-Darwinism is sound, it is 
right to emphasise the tremendous importance of instructing the rising 
generation in as much as we do know of the causes of dental disea^, and 
to insist on the use of as much uncooked fruit and vegetables as possible. 

J. A. S. W. 

Omaties and BngenkNU A Textbook for Students of Biology and a Reference 
Book for Animal and Plant Breeders. By W. E. Casti.b. [Pp. 
viii + 434.] (Oxford: at the University Press, 1924. Price 12s. 6 d, net.) 

The popularity of this book in America is evidenced by the fact that we have 
now the third edition. It would be better described by such a title as a 
Textbook ofMtndelian Genetics. As far as Part IV, ** Eugenics, is concerned, 
it can only be described as surprisingly inadequate. Blunders of interpre¬ 
tation occur over and over again. Thus when discussing Galton’s Law of 
Regression, Prof. Castle writes: 

'' Johannsen has shoif^Ti, as regards the size of beans, that regression is 
due to a lack of agreement ^tween somatic and genetic variations, the latter 
being more conservative, and that when selection is made within a line, pure 
genetically, no regression occurs. Davenport conflrms this view in the case 
of human stature, showing that the children of parents genetically pure for 
tall stature do not regress towards mediocrity, as Galton supposed all cla^^es 
of a population to do. Galton’s law of ancestral heredity and his principle 
of regression are now chiefly of historical interest, but it is well to keep them 
in mind when generalisations based on similar reasoning are thought 
forward *' (p. 295). 

Now, it is difficult to be patient in view of such a combination of mis¬ 
statements. Johannsen *8 theory of pure lines is certainly not demonstratcKi 
by his beans, for his own observations show that the maternal bean is more 
than twice as influential as the grandmatemal bean on the oflspring, which 
contradicts the entire hypothesis of the pure line as applied to beans I Further* 
Johannsen represented his maternal plant by a single bean, but, an average 
bean weighing 400 mg., the single bean would represent a plant average 
with a degree of accuracy of ± 50 mg. Under such circumstances how 
can we tell whether a plant from the observation of a single seed is to be 
dtaesed as a smaU weighted-seed or a heavy weighted-seed plant ? The whole 
bean investigation was really idle. We are next told that Davenport has 
demonstrated the pure-line theory for stature. Now, a man's ancestor* 
in the tenth generation represent a very fair sample of the whole population 
of the count^ in which he is bom. In any European country like Great 
Britain, much so in America, this means that he is a hybrid tom many 
races of racially diflerent stature. How is it possible to tell that a humaiD 
family, which can be measured in scarcely ever more than three, and generally 
only two, generations, is of pure line " for stature ? Is it not arguing in a 
circle, and picking out those families you find are " tall *' and calling them a 
** pure line " ? You would have to wait twenty years to ascertain whetbier 
the last generation would breed true, and if they did not, you would get over 
TOur diffi^ties by asserting that they had married out of the pure line '* t 
Psot Castle in the paragraph cited states that Galton supposed all desses 
of the population to legress towards mediocrity, but he leaves out GdUou^S 
h^potk^ iked U^seofmmmityimaks at random. The law of aooestial beared 
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dlMHy demoostmtess that if Uke mates with Iik6--<nr Ha** pure line ** could 
be estabhehedr-^there would be no regression at all 1 This is precisely what 
Hie ** pure-line ** theory propounds, but it is demonstrated neither by 
Johannsen’s beans nor by Davenport’s data as to stature. It is somewhat 
amusing, therefore, after a paragraph which shows that the author has not 
critically examined either Johannsen, Davenport, or Galton, to be told that 
the law of ancestral heredity and the principle of regression are now of 
historical interest. 

On pages 338-9 we have the usual Mendelian programme of what are 
recessive characters in human heredity, embracing, of course, feeble-minded¬ 
ness, and later, on the basis of Davenport and Weeks’s paper, epilepsy is 
included in the same category. There is not a word to show that both these 
statements have met with most destructive criticism. If we turn from man 
to the lower animals. Prof. Castle gives the standardised views in the 
standardised way, but those who have spent many years of life over one single 
species will find it very difficult to accept much of the unit-character clai^- 
fication provided (e.g. for dogs, p. 182). It is not possible to express 

e ebaldism in mammals as a unit character; every grade of piebaldism will 
i found within definite limits to be inherited. And that is the general 
result of any study of a Mendelian unit-character—the more closely we 
investigate it, the more we endeavour to pass from broad categories to fine 
measures, the less truly descriptive of Nature’s inner mechanism does it appear. 
Her secrets are not writ so large that they can be read by the unaided eye, 
and that is what in most cases the propounders of unit-characters are 
endeavouring to do. Prof. Castle’s book is less cautious in its statements 
than Prof. Bateson's MendeVs Principles of Heredity, and will hardly sup¬ 
plant the latter in this country; and it is certainly inferior in treatment 
and breadth of topics to Richard Goldschmidt's Einfuhrung in die VererbunfS'- 
wissenschafl, or for human heredity treated from the Mendelian standpomt 
to Baur, I^nz. and Fischer's Menschliche Erblichkeitslekre, which at any rate, 
if it be dogmatic, is certainly comprehensive as far as man is concerned. One 
feels after reading the latter that either nothing—or everything—is left to be 
said, and it is a minor sense of the like insecurity wMch one reaches on 
perusing Genetics and Eugenics, If one may personify "Nature," how she 
must enjoy the attempts of some of her ardent lovers to unriddle her 
character I 

jjrnMTOLooT 

VoMd Min in Spaim By Prop. Hugo Obsrmaibr, translated by 
Christine D. Matthew, and published for the Hispanic Society of 
America. [Pp. xxviii + 495, with 158 illustrations.] (Newhaven: 
Yale University Press; London; Oxford University Press, 1924. 
Price 23s. net.) 

Tte honom of being the pioneers who developed the theories on which the 
modem science of prehistory is based, theories which have been so fully 
justified by later discoveries, may justly be claimed for Frenchmen—for 
Boucher de Perthes, Edouard Lartet, and Gabriellc de Mortillet. It has been 
on French soil and by French workers that the most careful and extensive 
hivestigatioiis have been chiefiy carried out. The concentration on a com¬ 
paratively small area of the south of France, which was a favourite hunting- 
ground of Palaeolithic man, has perhaps given a somewhat distorted picture 
of the prehistoxic history of Europe as a whole. It is only within recent years 
Hiat it has been fully realised that the successions of cultures which ware 
cetahUshed principally firom excavations in the Dordogne and Charente sue 
onlvfound identically the same at sites within a very limited area. Compmison 
with the difieriiig cultural histories of neighbouring regions of Efiropa 
immiiaes to modify the ideas of earlier writers. After meridimial France^ the 
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nor&i of Spam is tiie gioand which has been most completely and caielatljr 
•n^rv^^d, and a comprehensive accotint of the work carried oot there 
sentM by the greatest living authority is a book of prime importance to the 
prthistorian. Prof. Hugo Obermaier's El Hombre F 6 sil was first published 
m 1916. The present translation is of the revised Spanish text brought 
Up to date by the author. 

Fossil Man in Spain is not restricted in its scope to the Iberian Peninsula. 
The first five chapters present the main findings of general prehistory. They 
are followed by a summarised account of the excavations of all the Paheolithic 
stations of any importance that have been discovered in Spain and Portugal, 
and succeeding chapters deal with chronology, art. and human remains from 
the more general standpoint. Detailed accounts of many of the Spanish 
sites have not yet been published and the majority have only been explored 
within the last ten years. The north is far better known than other regions. 
From a comparative study of the cultures represented in all the hitherto 
explored sites the writer concludes that the country was a connecting link 
between the civilisations of France and the so-called Pre-Caspian and C^pian 
stages of North Africa. The blending of the two industries is found at least 
as early as Mousterian times and it can be traced without intermission down 
to the end of the Old Stone Age. 

An interesting account is given in chapter vii of the " mobiliary " and 
mural art of Late Palaeolithic times. From that point of view the caves of 
Northern Spain stand pre-eminent, the cave-drawings being finer in execution 
and more numerous than those of any other region of the world. It is not 
unrc^onable to concede to their artificers a higher cultural level than that 
attained by almost all present-day primitive peoples. 

As reg^ds the geological history of Quaternary times, the author accepts 
the four glacial stages of Penck and Bruckner, and from a personal study 
he was able to apply that Alpine classification to the French Pyrenees. But 
Whereas Penck originally synchronised the cold Mousterian epoch with the 
third (Riss) Glacial Stage, Obermaier would assign it to the last (Wurm), and 
that view also been accepted to-day by most authorities. 

The writer's attitude to the much-disputed question of eoliths has 
appamntly changed recently. The first chapter is devoted to the question, 
and it concludes with the statement that the existence of Tertiary 
cmmot be proved as yet by any such evidence. But on pages 39 and 40 the 
^ts r ecent ly discovered with evidences of fire at Foxhull are descnbed 
as the first evidence we have of the existence of man at the end of the 
Tertiaw. The obviously additional account of the most recent discoveries of 
Reid Moir would have been placed more apposite^ in chapter i 

Chapter ix deals with the skeletal remains of PalaBolith& man, and it is 
little more than a catalogue of all the authenticated and supposed spuriotts 
specimens. There are several in the list discovered in Spain which wul be of 
considerable interest to the physical anthropologist, but of which no detailed 
accounts are as yet available. Obermaier inclines to the unusual view that 
many of the skeletons discovered in America for which Lehmann Nitsche has 
claimed a Palaeolithic age are authentic. He supposes that the scepticism 
with which they have been treated by most authorities is exaggerated. 

Fossil Man in Spain is fully illustrated. Many of the plates are repro* 
ductions of remarkable examples of Late Palaeolithic mural art which are 
not to be found in other textbooks of prehistory. The bibliographies lor 
the separate chapters provide ample r^erences to specialised monographs 
in wveral languages, and they will prove invaluable to the foreign student 
desirous of obtaining a first-hand acquaintance with the Spanish writings. 
The English-speaking reader is indebted to Miss Matthew and to the Hispanic 
Society of Ameriqt for an excellent translation of a dassical treatise which 
wa^reviously known to them ratibier by name and reputation than by first- 
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|ht SiM of ttia ud Oiflir DiitcOmiioi^ By A. C. Haddon. Sc.D., F.R.S: 

viii -f* 184, with xo plates.] (Cambridge: at the University 
Press. Price 6a net.) 

In a popular exposition of a scientific subject we may naturally expect to 
find more dogmatic statements than a specialist would make to hb fellow- 
workers. It is difi^cult to present a concise and popular account of the work 
already accomplished in any specialised branch of knowledge and to give, 
at the same time, a just idea of the uncertainty which shrouds the region 
between the known and the unknown. Prcrf. Haddon had evidently 
decided to ignore almost entirely the latter aspect of the question when 
writing the second and revised edition of his textbook. The Races of Man, 
It purports to give a complete classification of the existing and of many 
extinct races of man, and is likely to foster, in tlie mind of the general reader, 
the illusion that that problem 1^ already been solved—in general outline, 
at any rate—to the complete satisfaction of those who have devoted them¬ 
selves to the study of that particular subject. 

The classification adopted is said to be based almost entirely on ph3r8ical 
characters—secondary importance only being given to the inferences to be 
drawn from archaeological and ‘philological research—and a short account 
of them is given in the first section of the book. They consist mainly of the 
** character of the hair, skin-colour, stature, form of the head, the characters 
of the face, nose, and eyes.*' Little attention seems to have been paid to 
craniological and other osteological characters which cannot be measured on 
the living. Free use is made of the barbarous nomenclature which obscures 
the all-important conception of the continuity of the distributions of all the 
observed characters. Surely that could have been dispensed with in a book 
which is not intended to be highly technical. 

In the second section there is an arrangement of the three .main divisions 
of mankind which Prof. Haddon accepts—^the Ulotrichi, Cymotrichi. and 
Leiotrichi—and their various sub-groups. That is followed by short physical 
descriptions of the principal races which make up those sub-groups and the 
geo^phical distribution of the races. Little credence can ho given to the 
sections dealing with prehistoric races and their connections with existing 
types, but the summaries of the anthropometric ch^acters of modem races 
should be valuable to the student. 

In the third section of the book, which comprises the greater part of it, 
there is given a sketch of the probable racial history of the main areas of the 
world. Such a sketch forms a fitting introduction to world-history and will 
be of interest to the general reader. It is perhaps inevitable that even an 
abridged account of such a vast subject should abound in statements which 
are open to criticism. It must suffice now to cite a few such relating to our 
own islands. Can we really " accept it as established that a type which 
occurs in the Plynlymon moorland and elsewhere in Wales is directly descended 
from the Aurimacian Eurafrican race" (p. 77) ? What evidence is there that 
tbee dfsffncf brach3rcephic races had invaded England before the end of the 
Bronze Age, and ty what criterion—accepting a method of classificatjbn 
which is to based on bodily characters alone—can they be judged distinct 
(pp. 78 and 79) ? And of what sort is the evidence " that in the last hundred 
or two hundbt^ years the average cephalic index of Londoners has risen from 
77 to 79 (p. 83) ? 

In the last section of The Races of Man Prof. Haddon gives a genend 
summary and notices of various recent attempts that have been made to 
elucidate the mectenism of the evolution of man. He does not cominit 
himself to any particular theory, but gives a fair impression of the uncertainty 
which is at present attached to all such problems. 

Ptci. Haddoii*s book is an essay to provide a complete classification 
of the races of man. It is perhaps a fair and moderate statement o|/ttie 
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methods ^fid results of a oontemporaiy school of British anthropologists, ft 
is dear that those methods are entirely opposed to the ones emmoyed, by 
other schools of anthropologists, and that they must inevitably lead to widely 
difierent results. 

There are several excellent photographs of representatives of primitive 
peoples, a diagram illustrating the suppled connections between the main 
iammes of races, and a short but useful bibliography. Bt 

IhiBome ol an Eastern dam A Study of the Palaungi of tbs Shan States^ 

By Mrs. Leslie Milne. [Pp. vili -f 428, with 20 plates.] (Oxford : 

at the Clarendon Press, 1924. Price i6s. net.) 

The Palaungs inhabit, for the most part, the hill country in the Shan States 
of tJpper Burmah. Their chief indus^ is tea-growing, and as yet they have 
had littlo contact with European dvilisatioxi. They are distinguished in 
many ways from the more numerous Shan tribes adjoining their country* 
A^r studying the language and customs of that latter people, Mrs. Milne 
turned her attention to the Palaungs in 1911 ; and before that time no one 
had seriously studied their language and culture. In The Home of an Eastern 
Clan a detailed and hrst-hand account is given of the p83rchology. religion, 
and social customs of the Palaung people in general and of the Ka-tur tribe 
in particular. The first half of the b<^k is devoted to a sketch of the life- 
history of the people from childhood to marriage, and later chapters deal 
with special topics, which include law, medicine, religion, and mythology. 
Every aspect of the social life is considered. The authoress has contented her¬ 
self with presenting the materials she has collected in a concise but interest¬ 
ing way, without attempting to trace their origins or relationships to other 
similar cultures. A much clearer picture of the life of the people is given in 
that way than by the method employed by many writers on descriptive 
anthropology, but it is to be hoped that Mrs. Milne will, in a later work, deal 
with her material from a comparative point of view. 

Fhilologkally the Palaung are classed with the Mon-Khmer races ; they 
have no written script of their own. It is said that Buddhism did not setUe 
in their hill country until the end of the eighteenth century, but it had pro¬ 
bably affected the customs and beliefs of the people at a considerably earlier 
date. Buddhism is now the accepted religion, but it is associated with a very 
thorough-going form of spirit-worship. According to a legend of the Palaungs, 
the Buddha was once at a feast to which all the spirits were invited. Every 
one worshipped him except the rice-spirit. After meditating for a while, 
Gautama s^d, ** I am really greater than the spirit of the pa'ddy and all people 
should be grateful to me.'' And after sundry miraculous adventum the 
recaldtrant demon also saluted the Buddha, and the latter taught dl people 
to pay obeisance to the paddy-spirit. It is in that fashion that the newly- 
come t 6 ]Maix has imposed itself on the ancient spirit-worship. Hardly any 
of the old customs and beliefs can have been entirely eradicated. The 
majority have survived in a slightly changed form, axid deprived their 
ori^al sinister meanings, so that many with an obriously barbarous origin 
are now harmless and even amiable. The Palaungs have " wise men ** md 
witches, but their sayings are conventional and polite. Hie survivals of many 
of the practices which are associated with the most primitive stages of human 
culture are still clearly recognisable. Tatoomy is esteemed hi^y. Theie 
is a complicated initiation ceremony for TOung bo3rs and girls in v^h 
made ox bamboo and paper figure, and which ends with readings ftx>m ikn 
Buddhist scriptures. Majxiage is preceded by elopement with the seemingly 
unwilling girl, and the lather of the bridegroom must pay a certain sum of 
money to the father of the bride. And the scriptures are read again by the 
side of the coffin, in which food and tobacco and perhaps a flute or a comb lie 
with the dead body. 
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bi fNTOviding a comprehensive account of an interesting social stage which 
win aimo$t inevitably be transformed as Western ideas spread in the East* 
liCrs. Milne has rendered a valuable service to the cultural anthropologist* 
and her book will be of considerable interest to the general reader There 
are numerous excellent photographs of the Palaungs themselves and of their 
houses and villages. 

B, 

Piimitiye Law, By E. Sidney Hartland, F.S.A. [Pp. vi + 222.] 
(London: Methuen & Co. Price 7s. 6 d, net.) 

Mr. Hartland has collected much primitive custom under the heading of 
Primitive Law, The origin of law is no doubt primitive custom* for the breach 
of which the sanctions may be as intense as, if not more intense than* the 
sanction of the civilised police*court. But the distinction between custom 
and law is perhaps worth making, whether we are disciples of Austen or not. 
There are many social customs in the various classes of civilised communities 
which have no legal sanctions behind them, but which members of those 
classes obey through growth of habit or because they actually fear sanctions* 
which are very real, S not legal in character, It would be inconvenient to 
call such customs law** —we might then have to call professional etiquette 
law—and it would lead to the very confused thinking against which Austen 
rightly protested. However, Mr. Hartland does no great harm by terming 
his hook Primitive Law ; it at any rate emphasises the evolutionary source 
of law* and if the legal titles of his chapters be looked upon rather as suggesting 
the origin of later factors of positive law than as statements of fact, the student 
will be saved from confusion ; we are dealing with the evolution of legal ideas* 
not with actual law. 

Mr. Hartland tells us little that is new to the folklorist and anthropologist* 
but he groups his data by a new classiheation which is suggestive. A fault 
of the b^k is the absence of any full bibliography; the references to literature 
at the foot of the pages are so contracted that it is dif&cult for a student* 
who cannot be expected to be acquainted with the literature* to follow up 
the references. What can be made of “Lniv. Cal. Pub.,** or ‘*Univ, Coll 
Sub.,** or **Internat. Arch.,*’ by a student having at his command, say, only 
the Catalogue of Periodical Publications of the British Museum ? No publi¬ 
cation ought to cite a journal without its full title, place* and date of issue 
being readily discoverable in the publication itself. How many hours may 
be wasted over unstandardised contracted titles or authors* names (e.g. 

AUdridge 161*** or ** Maclean 63**), without the statement of the book 
or year, only a critic like the present reviewer, who has to follow up many 
hundred references in a year* can fully appreciate I Perhaps* after all* the 
am lies with Mr. Hartland's publisher rather than himself. 

A source of material which Mr. Hartland never cites* but which is extra-' 
ordinarily important if we are stud3dng the evolution of custom into law* is 
provided by the various German and Austrian Weisthiimer, which |ive* 
we venture to think, an intermediate link between the customs of prinutiYe 
pe^es (^. Hartland's Primitive Law) and the early written laws of the 
venous Germanic and Slavonic peoples. Perhaps the somewhat anti>Gennan 
feeling expressed in at least two passages of Mr. Hartland*s book may accoimt 
UxT his ramer limited references to Gennan sources. After all* those passages 
were not necessary and are somewhat out of place in the work of a scholar^ 
Putting aside all these minor criticisms, the book is a useful book and can be 
commended as a preliminary study to the student of man. like 0r. Haddon's 
ttam <4 H is* indeed, for the student and not for the teacher that sucli 
Urmrhs are written* and for that purpose it is admirably fitted* 
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FftcAway wIlialHIi. By J. G. Millais, p^. x + 254, with 50 mustratloos 
from drawings by J.G. Millais, H. R. Millais, and from photographs, 
and a map.] (London: Longmans, Green & Co., 1924. Pik^ 30s. net.) 

Far Away up the Nile is a worthy successor to many other works dealing' 
with natural history given to us by Mr. J. G. Millais. Its scientific value lies 
in the minute details and observations concerning the little-known big game 
of the Sudan. Some of these have been noted ^eady by other competent 
field naturalists from time to time, but no other natur^ist has yet been able 
to supplement his observations by such accurate drawings of the quaint 
habits and attitudes of the wild beaSts which he has hunted. Some of thesb 
drawings bring back more vividly to the hunter the great charm of his hunting 
days and the familiar ways of many of the African fauna than pages of letter- 
press could ever do. Mr. Millais's son seems, judging by the numerous 
ulustrations over his signature, to have inherited his father's gift of depicting 
wild beasts in their characteristic poses. The camera can never be expected 
to equal the pencil in this respect, and all naturalists will delight in this book 
because it takes them once again among the wild game and, so to speak, into 
their very haunts. 

The ^ture studies are particularly good, as also are the giant eland. 
Mrs. Gray's Kob, too, strike one as being excellent. A collection of studies 
of the quaint Utile dik-diks from Mr. Millais’s or his son’s pencil would have 
been very charming and instructive, as no artist has ever quite succeeded in 
Just hitting off the very distinctive poses of tliese diminutive little creatures. 

In this book Mr. Millais has given us a much better idea of the Sudan, its 
inhabitants, resources, together with its varied flora and fauna, than anyone 
else. His ethnological notes on the tribes he encountered, though short, are 
valuable. Not the least delightful part of this very interesting book on an 
imperfectly known part of our Empire is the charming dedication to those who 
toil ** amid fearful heat and flies," and who not infrequently are only hoard 
of when a short obituary notice in one of the daily papers announces thek 
untimely end at the hands of those they are struggling to civilise or when 
some relentless tropical disease has slowly and surely claimed them at long 
last. 


Mr. Millais, being a keen botanist, is able to give us not only the native 
but the correct botanical names of the trees and plants he describes, and 
is a great help in distinguishing the regional flora. 

The author speaks of the Dinkas as " taller than any other African natives, 
eacept perhaps the Zulus"; but is this correct ? The.reviewer has always 
been tmder the impression that the Turkana, living on the shores of Laxe 
Rudolf, have usually been considered by travellers to be the tallest of the 
Ahican races. Although it is twenty-five years since the reviewer encountered 
the Turkana, the impression they left behind in his memory is that the average 
hek^t of the male warriors must have been close on six feet. 

The book is furnished with a useful map of the author’s route, while it also 
gives the approximate distribution of the tribes in the Bahr el Ghasal. At 
the end is a valuaUe apf>endix describing some of the rarer antelopes. 

Far A wav up the Ntle is a credit to author, publisher, and printer, mod 
should certainly find a place in all libraries containing authoritative works 
on big game hunting. R. £. Drakb-Brocxmam. 


On the Edge of the Primeval Forest: Sxperienoes and Observations of a 
Dootor In Equatorial Alrioa. By Prof. Albert Schweitsbr. 
Translated by Cu. Th. Campion, M.A. [Fp, vi + x8o, with x6 ilhia* 
trations.] (London : A. & C. Black, 1924.) 

Trb author informs us, to begin with, that he gave up his position of professor 
in the University of Strassbourg, his literary work, and fafe organ-playing, in 
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older to go as a doctor to Equatorial Africa. He did so under a humanitarian 
iminilse as regards t^ natives. He graduated M.D. in X9Z3 and started with 
his wile, who had qualified as a nurse, for the River Ogowe in Equatorial 
Africa, the same year, because a doctor was badly needed there on account 
of the constantly spreading sleeping-sickness. The Alsatian Mission in the 
seirvice of the F^iris Evangelical Mtoion placed, one of the houses in their 
station at Lambarene at his disposal and allowed him to build a hospital 
in their grounds. But he had to provide the actual expenses of the under¬ 
taking himself, and to that purpose he devoted what he hod earned by giving 
organ-concerts together with the profits from his book on Bach, whidh had 
appeared in German, French, and English. Friends assisted him as regards 
Hiese expenses. The country which he visited is mostly occupied with dense 
forest and water, and is admirably suited for the cultivation of cofiee, pepper, 
cinnamon, vanilla, cocoa, and the oil palm—though the chief business of 
Europeans is the collection of rubber and the timber trade. Lambarene lies 
a little south of the equator and has a hot and moist climate which is very 
trykig to Europeans. The book gives an admirable description of this coun^ 
in a photographic style accompanied by good photographic plates, all of whicti 
will interest the reader. The author*s comments on his experiences are 
characterised by philanthropy tempered with fairness and that species of 
sagacity which prefers truth to propaganda. He spent four and a half years 
as superintendent of the hospital which he constructed and concerns himself 
almost entirely with his own experiences and observations. The book does 
not contain matter of special interest to students of tropical medicine or 
soology or botany. Nevertheless it gives us a good picture of life in that part 
of Africa, with a conscientious summary of many questions which occur in 
the locality dealt with. 

OHmatto Laws. By Stephen Sargent Visher, Ph.D. [Pp. 96, 9 figures,} 
(London: Chapman & Hall, 1924. Price 75. 6 d, net,) 

In this short work ninety laws are stated, with an explanatory paragraph 
to each. For illustration No. 72, selected at random, may be quoted. It 
is one of the Laws Concerning Moistureand states that; '* Precipitation 
takes place more easily in winter than in summer, and at night than by day.** 
Such a statement is hardly scientific, for the word ** easy ** is so vague that 
it is di^cult to guess what is meant. One is told that '* ease of precipitation 
does not, however, imply amount of precipitation **; the expression & there¬ 
fore robbed of what seems at first sight its most likely meaning; the explana- 
toxy paragraph, moreover, does not indicate the criteria whereby one might 
estunate relative ** ease ** with which the atmosphere contrived to produce 
a given quantity of rain on tlifierent occasions. On turning to the other 
laws one finds, frequently, a similar vagueness. For instance (law 43); 
** Exiceptionally cold vrinds are often more powerful than relatively warm 
winds.'* With regard to the cold winds the author adds that ** their density 
enables them to push harder than less dense winds **; perhaps ** powerful 
hare means ** destructive **; but surely blissards are not as a rule more 
destructive than the winds in tornadoes and tropical cyclones ? Here, agaim 
a word is evidently used in some special sense, without the necessary definition 
of its meaning. Considering the work as a whole, it seems doubtful whether 
is desirable to try to formulate so many laws. One is tempted to think 
tiiat a law achieves the maximum degree of usefulness only when it aiiaei 
xmarsUy in a discussion of climatic facts and their causes, such discutsioaoi 
being sufficiently thorough to indicate the limitations of the generaKsation. 
Xhhi ideal is xeahsed in a imod treatise on climatology, but not in the preleat 
wbrk,' 

£. V. NswHiuiii 
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ll^irtrPiOOiy^ By £. C. C Baly, RR.S. Third Edition. Vol 1 . ( 1 P|>. 
xi 4^ 2^, With 15$ dgures.] (London: Longmaxis, Green Sc i§34. 
Price i4«. net.) 

Thb hrst edition of this book is dated 1905. The development of the subject 
since then has been of such an extensive and fundamental character that 
nothing leas than rewriting could suffice to bring the work up-to-date. 
Prof. Baly deserves our gratitude for undertaking this heavy task, and our 
congratulations on the result before us. It is not surprising that he has found 
it necessary to expand the work considerably, and the volume under notice 
is the first of the two which will comprise the new edition. It deals with 
spectroscopic methods^ with the exception of the Fabry-Perot and Lumtner* 
Oehrcke interferometers, and represents rather more than one-hall of the 
original volume. The size of the page has been increased, a distinct improve¬ 
ment, since it allows of a more convenient arrangement of the diagrams. 
Numerous additions and modifications have been made, and it is evident 
tiiat the revision has been carried out with care and discrimination. The 
ozily obvious criticism is that the lengthy and detailed descriptions of the 
mounting of a concave grating and vacuum spectrograph are somewhat out 
of place a work of this kind, so that some space might well have been saved 
by omitting them from this edition. We hope that Prof. Baly is naaking 
good progress with his second volume, for its appearance will be eagerly 
await^ by chemists and ph3r8icists alike. W. £. C. 

Matticinatloal Analysii of Stotistioi. By C. H. Forsyth, Assistant Professor 
of Mathematics, Dartmouth College (U.S.A.). [Pp. viii -h 232, witii 
Logarithm Tables.] (New York: John Wiley & Sons. London: 
Chapman Sc Hall, Ltd., 1924. Price iis. 6 d.) 

A NUMBER of books ou the mathematical theory of statistics have been pub¬ 
lished recently in America, and Prof. Forsyth's is one of the roost satis¬ 
factory that we have come across. It does not attempt to go very far into 
the subject, but as the author states in the preface, it is ofiered as a textbook 
lor a coarse in mathematics and not as a reference book for the statistician. 
It is a pity that courses on the elements of statistics are not given more often 
in this country. Quite recently at an English public school the boys in the 
senior mathematical division devoted an hour a week to the subject, and 
worked out for themselves standard deviations and correlation co-efficients. 
They enjoyed it thoroughly, and this is not surprising, as the subject with 
its ready application to problems of everyday 1& is both more interei^tog 
and more valuable than many of the branches of pure and applied mathe¬ 
matics that are commonly tau^t. The present book would form an excellent 
bask for such a school course. 

The first essential for the statistician is that he should be ^th 

his ^l8 and able to handle them with accuracy; accordingly the first five 
cheers are devoted to Errors and Numerical Computation " ; ** Finto 
Dimtences Interpolation "; The Gamma and Beta Functions : 
" Pro1»bai1y." ’ 

Alter this the idea of Variation and the methods of its 
and deecription are developed, and a good deal of attention is given to tihe 
Nonnal Curve and the Binomial The final chapter deals with Conelatkliii, 
not, however, going beyond linear regi^ion and the piod«ct*nM»Mat 
method of calculating a correlation coefficient. A large nn m^ of 
are given throughout, with problems taken from a wide range of tahfiect* ; 
many of theae have been reproduced from published statistical ffft pfw 
•ometiinee with, but often wiwnt refisrenoe to tite source. Ihe 
enmloyed is almost alwawthat familiar to the English sdwol of statistidana. 

Various minor ciiticwns on the method of development of the 
might he made; for exam^, the relations between Ito normal curve and 
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binomial, and the cmiiditioiiB under which the latter can be represented 
adequately by the former, are nowhere clearly set out, while the student is 
haroly given enough warning of the danger of trusting to the probable error 
in deling with si^l samples or in material following a skew distribution. 
But the task of the critic is easy, and it is only fair to say that the reader is 
clearly advised on the last page of the book to extend his study elsewhere on 
the subject of probable errors, of skew frequency^listributions, and of non- 
linear regression. 


Itlidiss in Human Bidocr. By Raymond Pbarl, Professor of Biometry 
at the Johns Hopldns University [Pp. 637.] (Baltimore : Williams 
dc Wilkins Company, 1924.) 

Ik this book Prof. Pearl has put together, often in revised form, 
papers of his which have appeared during the past twenty years in various 
scientihc journals. Many of them are unobtainable in separate form and their 
collection and republication is very welcome. The headings of the four 
parts into which the book is divided give a good idea of the wide scope of the 
work—“ Considering Man as an Animal " ; " Biological Aspects of Vitaj 
Statistics ; ** Public Health and Epidemiology \ ** The Population 

Problem.** 

There are three chapters containing hitherto unpublished material: one 
on the Trends of Vital Indices concerned with the relative growth of the 
native and immigrant elements of population in the States, and its bearing 
on the question of Immigration Laws. A second discusses the Influence 
of Ph3rsical Activity upon Mortality; after a detailed analysis of the 
figures for Occupational Mortality published in 1923 by the Registrar-General 
for England and Wales, the writer comes to the conclusion that after the age 
of forty to forty-five, in nearly every walk of life, a man shortens his life 
by definite amounts in proportion as he performs physically heavy labour. 
Finally, in the concluding chapter. Prof. Pearl introduces the new type 
of theoretical curve representing population grow^, which he discussed on 
several occasions during his visit to England last summer. 

E. S. P. 

lorfli America: An Historioal, EeonomiOt and IBagtonsl Oeography. By 

L. L. Rodwell Jones, B.Sc., and P. W, Bryan, B.Sc, [Pp. xiii + 537, 
with 104 figures.] (London : Methuen Sc Co. Price 21s. net.) 

Tbbrb is an immense amount of material for the geography of North America 
already in existence ; but, .as it occurs largely scattered through Government 
publications and in perio^cals, the assembling and working up of it into a 
coherent and organic whole, as in this volume, is a valuable piece of work. 

The book is divided into three sections: Historical, Economic, and 
Regional. 

The Historical section shows the part played by Geo^phy in shaping 
bbe course of North America*B history, but does so with^.commendable 
caution. The attitude of the author (Mr. Rodwell Jones) is clearly shown in 
the following sentence: ** In a work dealing with the influence of geographical 
environment, we most be careful not to overstate our case ** (p. 62); and tiie 
satne caution is shown in the mention of the political event which was the 
4 mm$dkfU cause of starting the Norsemen on the adventures which led them 
at length to *' Vinland ** fp. 11). Two of the maps specially prepared for 
are of particular interest, that of the settlements in Mexico at 
the end of the eighteenth century (p. 34), and that of the British Colonial 

copters, by Mr. Bxyan, deal with the great commodities^ 

la 
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sndi as ootton, wheat/coal, oil, and with the iron and steel indtistry. The 
chapterB on this indnstry and on coal are particularly detailed, and the many 
origmal diagrams enhance their value; but there might be more acknow¬ 
ledgements in ^kis section of the sources of the material used. 

The last sectkm, by Mr. Rodwell Jones, deals with the more important 
of the geographical regions, and is everywhere clear and well-reasoned; 
and, considering the small space (less than 200 pages) surprisingly read¬ 
able." The author deserves credit in particular for his insistence on syntheti¬ 
cal diagrams, and—^to instance a few onl3r—^that showing the relation oetween 
Relief and Town Population in New England (p. 332), that of Relief and 
Irrigation in California (p. 379), and that of Coastal Fogs and Redwoods in 
the same State (p. 385) are particularly illuminating. 

The book tends in places to depart from the stripy geographical and to 
pass into the realm of pure economics, e,g. the details of the co-operative 
marketing of cotton (p. 188); but, in spite of small blemishes, it remidns one 
of the most valuable additions to geographical literature which the last few 
years have produced. 

M. R. Shackutom. 

In Soiithem Seas: Wanderings of a Hatnralist, By W. Ramsay Smith* 
M.D., D.Sc., F.R.S. [Pp. viii + 297. with 30 illustrations.] (London : 
John Murray. Price 165. net.) 

Dr. Ramsay Smith is in this book professedly in holiday mood, and the book 
itself is a record of holida3rs spent in the Southern Seas, at Port Darwin in 
Northern Territory, and round the River Murray mouth in South Australia. 
The result is an entertaining volume, packed witli shrewd observation and 
anecdotage, the whole strongly flavoured with the author's anthropological 
interests. 

His joumeyings took him from Sydney first among the brilliant colour, 
divenity of peoples, and often luxuriant vegetation of New Caledonia and the 
New Hebrides. The medley of peoples and customs in these French posses¬ 
sions evidently made a deep impression, not the least strange of the customs 
recorded being the survival of mummification in the Mwicolo Islands, 
where the head of the deceased is subjected to this process. There is an 
interesting chapter on civilisation and its meaning, and a comment on the 
difficulty of teaching about " the Lamb of God " where such mapamAh as 
sheep are unknown, after which the section on the South Seas is brought 
to a close with matter of anthropological interest, such as peculiarities of teeth, 
body scarring, causes of depopulation and so on. 

In chapter x we meet the Australian ** blackfella," and the remainder 
of the book is largel3r taken up with accounts of this interesting and litUe- 
tmdexBtood people, either round Port Darwin, where they wexe present in 
considerable numbers, or among the River Murray lagoons—"where the 
priicw builds her nest"—^where a few blackfeUows killed snakes, did the 
cooking, and made themselves considerably more useful than white servants 
would have done in the same conditions. From the anthropological point 
of view this part of the book is perhaps the most interesting, and Dr. Ramsay 
Smith makes a fine defenoe of the aboriginal as a primitive, hot by no means 
a degraded, race: " True, he has a lonc^g every now and then to ' go bush,* 
to revert from civilised life to something like his normal conditions, dot 
were Cincinnatus's reversions to his farm, or the longings of Horace or Virgfl 
for country life, an evidence either of mental degeneracy or oi nioia! 
x 3 api»?" (p. 234). 

A quotation from the Foreword by Prof. T. A. Thomson sums op the 
character of the book: " It is rich in anthropo&i^:^ insight and suggestion, 
very racy, yet very serious, very scientific, yet ffiU of art." 

M. SHACXOLBtOil. 
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anfl CBlifietor* £. KRSTsciiMBR. Translated from Second Edition 
^ W. H. Spjrott, B.A. The International Library of Psydiology, 
Philosophy, and Scientific Method. 1925. [Pp. 266, 31 plat^.y los. 


Tk£ first German edition of this work was published in 1921, the second in 
1922 ; the present volume is an English translation of the second edition. 
The work is based, in the first instance, on Kraepelin's difierentiation of the 
insanities into the two main groups of manic-depressive madness and dementia 
preecox, and working backwards from this classification the author has 
attempted to establi^ two principal theses. The first of these is that the 
two ^oups mentioned above, which he designates respectively circular 
insanity and schizophrenia, pass over insensibly into two main types of 
temperament which he terms C3rclothymic and schizothymic, of which they 
are derangements, and further that all individuals can be roughly sorted 
into these temperamental types. The second thesis is that these tempera* 
mental types are associated with distinctive types of physique, which are 
especially characterised by distinctive architecture of the head and face. 

Since the argument has in reality developed in this mEumer from psychiatry 
to anthroj^metry, it is regrettable that the author has seen fit to reverse the 
order in his treatment of it in this volume, and has divided his subject into 
Part 1 : ‘‘ Physique,*' and Part II, “ The Temperaments." It is vexy 
evident that the author is a better psychiatrist than biometrician, and it is 
to be feared that many readers will fail to reach the end of Part I, as the 
reviewer would fain have done, and will thereby miss Part II, which has 
imdoubted merit both in literary style and suggestiveness. 

In his preface to the second edition the author says: " The only question 
is this: are there statistical relational-frequencies between certain forms of 
physique and certain psychical dispositions ? ** This is a good start, but 
we look in vain for any satisfactory answer to it in the 266 pages of this 
volume. In the first chapter is described a detailed scheme of classification 
of physical characters and measurements, and we are informed that the 
exposition which follows rests on material worked through by the aid of such 
a scheme and comp^ed of eighty-five cases of circular insanity and 175 cases 
of schizophrenia divided into sexes. In the next chapter physique is classifi e d 
into three typ^, "asthenic," "athletic," and "pyknic," and three tables 
of the " princip^ average measurements " of these types are given. By 
diligently searching the text one is able to discover that there were about 
50 males and 20 females in the asthenic group, about 30 altogether in the 
athletic group, and no statement of the number in the pyknic group. More¬ 
over, though we are given average physical measurements of the groufits by 
sexes, we are told noting about the ages of the cases, except that in table 4 
male averages for ages 1*8-30 are separately compared; the numbers in 
these last groups must necessarily have been very small. Under these 
circumstances small difierences in the average skeletel measurements carry 
very little conviction; the principal contrasts are in weight, chest, and 
abdominal girth, all possibly accountable for by fat deposition. The same is 
true of the average nead mmensions; it remains doubtful whether wy of 
the difierences are significant, excepting perhaps in the horizontal ci^m* 
fi^rence in males which is dependent on other factors besides the skull dimen¬ 
sions. The differences between the average measurements of the female 
heads axe almost certainly not significant in amount, nor do these differences 
agree with those found in the male heads, even as regards their sign. When 
Olie further reads (p. 41) that " in many cases the structure of the lace doee 
hot go parallel witn tli^ total structure of the body, so that we can find some¬ 
times a head such as otherwise belongs to the pyknic type set on an asthenic 
body and Vice versa,*^ the doubts one has felt in studying these tables are 
linrmr 

At first right the rough sorting of circular and schizophrene cases amongst 
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fhti phyriM types In Tatsle 5 seems to iitdicatc some correlation, but until 
the criteria wmch are alleged to dlstin^ish the physical t3rpeB have bean 
proved to be anything more than variations in fatty and muscular develop¬ 
ment attributable to the influence of the endocrine glands or other factors, 
this does not seem to lead us far. One might similarly prove the asso c iation 
of quite a number of body measurements with exophthalmic goitre or phthim, 
but one would have proved nothing thereby except that they were wasting 
diseases. The remaining chapters of this part of the book make dreary 
reading and present no evidence of a convincing kind. 

In i^rt II, which is well written, the author seeks to divide humanity 
into two great temperamental types which are mild editions of the insanities; 
few people, we venture to think, will read this part without feeling some 
qualms as to whether they ought to be at large. The belief that certain 
types of insanity tend to be associated with certain temperaments, however, 
is not a new idea. In the last chapter it is suggested that the endocrine 
glandular 83^tem may have a profound if not all-important influence in the 
formation of temperament and character; such a possibility seems to be 
opposed by the accumulating evidence that an entire change in temperament 
and character may result from encephalitis lethargica, which is apparently 
purely a brain disease. 

In justice to the author it must be admitted that he refrains from dogmatic 
assertion and advances his conclusions in a tentative manner as incentives 
to further research. This is all to the good; the principal fault which the 
reviewer has to And is that a thesis which can, as the auriior admits, only be 
proved or disproved statistically, has been advanced in this book with a 
certain amount of statistical material behind it, in such a manner as to leave 
a biometrician entirely in doubt as to whether the material proves anything 
or not. The vague and inadequate treatment of the figures which are in the 
author's possession is not due to lack of space in a book of this size—^would 
it not have been more profitable to produce the evidence first and discuss it 
at length afterwards rather than to adopt the reverse procedure ? Until 
this is done the book suggests much but proves little or nothing. 
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RECENT ADVANCES IN SCIENCE 


3Pimz MATUXATXOZ. By F. Purybk Whits, M.A., St. John's 
College, Cambridge. 


Hypergeometric Functions of Several Variables. —^The hyper¬ 
geometric series 


F 


(«,a,7,x)s I +^^x + — 
«(7, m) ii,m) 


(a-H)./g(>9+i) 
y(7 + i). I .2 




+ . • • 


where (X, k) is written for P (X + k)/r{X), can be generalised to 
a series in two variables in the following way. The general term 
in the series obtained by multipMng two ordinary hyper¬ 
geometric series F (a, 0, 7 , x) and F (o , 0', 7 ', y) is 


(«, m) (a, n) {0, m) (0', n) 
( 7 ,m;( 7 ',n)(i,mj(i,n)*^* 

We modify this by replacing one, two, or three of the products 
(«, m) (a', n), (0, m) (0', n), ( 7 , m) ( 7 ', n) 
by (a, m + «), {0, m + n), ( 7 , m + «). 

Of the five possible combinations one arises simply from the 
development of the function F (a, 0, 'f, x ■¥ y )the other four 
give four new double series which are denoted as follows: 


(«, 0, 0\ y, x,y)^E 
F* («, 0,0't 7» y% x,y)m£ 
F, {a, a', 0,0*,y,x,y)m£ 
K{*h0»%y'»x,y)m£ 


( 7 , m + «) ( 1 , m) (i, n) ^ ' 

(a, m) (a^ n) (0, m) (6', n) 
(y,m + n)(i,m)(i,n) 

(^yn* + n){0 ,m±n) 

(y, *») (V p »*) (h »*Uh ») 


The miii^Vidtted Amcticms defined by thi^ four series and 
U **» 
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their analytic continuations in suitably slit x and y {danes are 
called hypergeometric functions of two variables ; they were 
first introduced in 1880 by P. Appell, who has recently pub* 
Ibhed a pamphlet {Manorial des Sciences Mathimatiques, fasc. 3, 
Paris, 1925) in which the properties of these functions are 
summarised—he also announces a larger work on the subject, 
in which he is collaborating with J. Kamp^ de F^riet. A good 
many of the known properties of the ordinary hypergeometric 
functions are capable of immediate generalisation to the new 
functions ; for example, they can be represented as double 
integrals or as contour integrals. Also, each of the four functions 
satisfies a system of linear partial differential equations of the 
second order. The functions F„ F„ F« each satisfy two 
equations of the t5T>e 

r « o, {x, y) s + a, {x, y)p + a^ (x, y)q + a^ {x, y) z, 

t - 6, (x, y)s + bg (x, y) /> + £», (x, y)q + b^ {x, y) z, 

and we can form for each a fundamental system of four 
integrals, such that the general integral is a linear combination 
of these four. For example, for the equations of F we have the 
general integral 

* « A F, (a, fi', 7, 7', x,y)-\-'B x'~'> F, (o + I - 7, /9 + I - 7, 

2-7, 7'i X, y) + F, (a + I - 7', /S, + i - 7', y, 2 - 7', 

jc, y) + F, (0 + 2-7-7', /3+1-7, ;8 '+i-7', ^-7, 

2 -y',x,y). 

Naturally we must suppose that 7, 7' are not integers, in the 
same way that for 7 integral we have a logarithmic term in 
the general integral of the ordinary hypergeometric equation. 

The function Fj satisfies three simultaneous linear equations, 
one of which is a consequence of the other two, and we have the 
result that just as the hypergeometric equation has 24 integr^s 
of . the form (i — xy* F (\, fi, v, /), where t is rational and of 
the first degree in x, so we can find 60 functions of the type 
#‘(1 - a;)" /(i -yf \x-yY¥x (X, fi, v, /, (), t and (f being 
rational in x and y, which satisfy the system of partiu 
differential equations of Fj. 

As far back as 1857 Riemann defined the hypergeometric 
equation as a function of the complex variable by the three 
singular points of its differential equation and the exponents 
at these points. In a similar way, using the methods of Poch-* 
hammer, Goursat has shown that the functions F„ F„ F4 can 
be defined 1^ their critical points and the corresponding 
exponents. For the function Fj, satisfying three linear partis 
differencial equations, the investigation has been carried t&ou^ 
by Picard; he has also examined how the general int^pr^m 
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tl^ equations is transformed when the variables x and y describe 
dosed paths rotmd one of the singular points— i.e. he has 
determined the group of the equations of F^. A connected 
problem is the inversion of the quotient of two integrals : under 
what conditions are the functions x (s, t) and y (s, t) defined by 
the relations 

>o,{x,yy •»>,{x,yy 

•hf being particular integrals of the equations, single- 

valued functions of s and /? The similar problem for the 
ordinary hypergeometric equations led Poincar^ to a particular 
dass of fuchsian functions. In our case it is necessary that ten 
numbers should be reciprocals of integers, and there are loa 
systems of numbers satisfying these conditions ; the functions 
X and y are included in the class of hyperfuchsian functions. 
In particular, for the case corresponding to (i, I, i, i, x, y), 
where the integrals 01 are of the form 

{u-i)(u-x)iu- y)]-» du, 

the single-valued functions * (s, /) and y (s, t) play in the theory 
of the abelian functions arising from the algebraic equation 

V* u (u — 1) (u — x) {u — y) 

the same part that the modular function plays in the theory 
of the elliptic functions. 

The two linear partial differential equations arising for 
any one of the functions F„ F„ F, have, as we have remarked, 
four linearly independent common integrals. If we establish 
a relation between x and y, y^f(,x), the general integral of the 
equations will become a function of x only, and this function 
0 will satisfy, in general, a linear equation of the fourth order. 
It may happen that for certain special functions / (*) the func¬ 
tion 0 satisfies a differential equation of order less than 4. The 
order is, in fact, three if y «• f{x) is a solution of a non-lincM 
differential equation of order 3, the reducing equation, which is 
connected in an invariant manner with the original pair of 
equations. The general integral of the redudng equation is 

Kj0j + Kg0| + KgSy + Kg 04 O, 

where Zi, g,, 0,, 0, are a fundamental system of integrals of the 
original equations; and, conversely, if we know the general 
inte^^l 01 the reducing equation, we can obtain the general 
int^ral of the original equations by the integration of a .total 
. 4 ^arenttal in two variables. Work on these lines has been 
% P. Appell Palermo, 17 , 1923, 
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Another t]npe of reduction udiidt has also been studied by 
AppdQ {C.R., 187 , 1918, 408-13) arises when for certain rela¬ 
tions between the elements a, fi, a‘, /8‘, 7,7* the function satisfies, 
not only the original system of partial differential equations, 
but also an analogous system, with coefficients rational in x and 
y, the general integral of which contains less than four arbitrary 
constants. 

If we take a linear differential equation with three regular 
singularities and make two of the singularities coalesce, we 
obtain an equation with one regular and one irregular singu¬ 
larity. In this manner we obtain what is known as the con¬ 
fluent hypergeometric function, by means of which the Bessel 
function and various other functions which turn up in applied 
mathematics can be expressed (see Whittaker and Watson, 
Modem Analysis, chap. xvi). In a similar way P. Humbert 
(Proc. Roy. Soc. Edin., 41 , 1921, 73-96 ; C.R., 171 ,1920,428-30) 
has obtained confluent hypergeometric functions of two or 
more variables. 

For one variable the hypergeometric function can be ex¬ 
tended in two ways, and both of these can be applied to our 
functions of two variables. The first is the method of Poch- 
hammer, and in our case would lead to the investigation of 
integrals of the form 

• (*» «»)“"* a*)>*-» (« - (« - du, 

where g and h denote two of the quantities a^, . . . a^, «>, x, y. 
This has not yet been carried out in a systematic way, but M. 
Appell points out that the systems of linear partial differential 
equations which arise have been dealt with to some extent by 
R. Gamier in his TMse on differential equations with fixed 
critical points. The second method, which has been the subject 
of memoirs by H. Mellin {C.R. 178 , 1921, 658-^1), R. Birke- 
land {C.R., 171 , 1920, 1370-2 ; ibid., 178 ,1921,309-11,1155-8), 
and J. Kamp^ de F^riet {ibid., 178 , 1921, 1634-6; 178 , 1921, 
285-8, 4oi--4> 4^9-9^), considers as the most general hyper- 
geometric function of two variables any function de^ed by 
a double series of which the coefficients satisfy 

the relations 


am+i.*^ P{*n,n) 

R(m,n) 


««.•+! Q (»*.«) 

S (tn, n) ’ 


P, Q, R, S being polynomials, R and S not vanishing for any 
values of the positive integers m, n, the dem'ees of P and Q betag 
at most equal to those of R and S, and we two relations betag 
oompatiblk For one variable the polynomials P (n) and 
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can always be split up into linear factors, and we get only series 
of the type 

V(‘r\ — T. Wj . . . {%, ft) - 

{&t,n) . . . ' 

for two variables this decomposition is not generally possible; 
the exceptional case in which it is possible has been discussed in 
detail by Kamp6 de F^riet, who calls the functions hyper¬ 
geometric functions of higher order. 

Another definition which is capable of generalisation is 
that of the Bessel coefiicients as coefficients of /" in the ex¬ 
pansion of the function exp. {^(1— i/i )}; this has been done 
by P^r6s (C.R., 181 , 1915, 168-70), Jekowsky (ibid., 188 , 1916, 
318-19; 184 , 1917, 719-21 ; Bull. set. math., 41 , 1917, S8) and 
Akimof {C.R., IW, 1916, 26-9; 186 , 1917, 23-5, 1100-3; 179 , 


1924, 435-71- . , 

Just as the Legendre polynomials arise as a particular case 
of the h3rpergeometric function, so we may obtain polynomials 
in two variables from the function F,. They were first con¬ 
sidered by Hermite, who defined them by the expansion 

{(1 -ax — by)* + {a* -f b^) (i — x* 


analogous to the expansion 

(i — 2ax + a*)“* “ {(i — ax)* + a* (i — x*)}"* “ 

The analogy becomes more striking when we find that 

*’•* 2 "*+* mini 5x"* dy* 


just as 


p _L_ ir 

" "" 2"n! dx* 


and that the new polynomiab satisfy two partial differential 
equations of the second order which may be compared with 
L^endre’s equation. Moreover, the polynomials are ortho¬ 
gonal in the sense that the double integ^ral 

dy, 

taken over the circle x* +y* — i ^ O, is zero as long as m + n is 
not equal to /i. + y. To calculate the coefficients in the develop¬ 
ment of a function as a series in U,,,,, Hermite associates with 
these polynomials other polynomials V,*,* defined by the expan¬ 
sion 


(1 - sox - 2by + a* + J*)-* - £a**b'*Vm.m, 


thoiring that dxdy taken over the unit circle is 

soo unless ^ m and v •■ «, when it takes the value 

V {m-\-n)l 
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It further appears that the polynomials may be 
regarded as spherical harmonics in four dimensions. The 
function T (*i* +*:,•+. . . + at,*)'"** satisfies the equation 


ATs 


8«T 

dxi* 




o 


(with a logarithm for q>^ 2 ). Thus for 9 ■“4 we have the 
“ potential ” T-=(**+ji)* + «* + P)~\ Differentiating T par¬ 
tially m times with regard to x and n times with regard to y, 
we obtain a function W which is still a solution of A W •» 0 , 
and which can be expressed as the quotient of a polynomial 
in y, and r bv an integral power of r, where r stands for 
(*• +y + «• + /•)*. For r «- I this polynomial, save for a 
numerical factor, becomes V*.,. 

Uniform Functions with an Isolated Essential Sinpilarity.-^ 
It was shown by Weierstrass (1876) that in the neighbourhood 
of an isolated singularity a uniform function approaches as 
near as we please to any arbitrarily assigned value. In 1879 
Picard added an important result which has been the starting- 
point of a whole series of researches ; in the neighbourhood of 
the essential singularity the function actually assumes an 
infinity of times every value save two possible exceptional 
values. This, or the form it takes for integral functions—mven 
an integral function f (x), there is at most one finite number a 
such that the equation 

/(x) — a O 


has no roots—is known as Picard's theorem, and was proved by 
him by means of the elliptic modular function. Attempts were 
made to give a proof of a more “ elementary ” kind, without 
appeal to the properties of a special transcendental function, 
and Hadamard (1892) and Borel (1895) were'successful. Their 
work depends on the investigation of the function M(f), the 
maximum for a » r of the modulus of the function. It was 
shown bv Hadamard that log M(r; is a continuous, convex, and 
ultimately increasing function. Borel introduced the notion 
of order of a function, the upper limit as r tends to infinity of 
the ratio loa log M(f): logr—^if this is finite the relations between 
M(r) and the maximum term, t.<. the function which for each 
r is equal to the greatest of the numbers |c,| r*, the moduli of 
the terms in the expansion of the function, assume a simple 
form, and, in fact, functions of finite order were for a long time 
the only ones for which simple and precise results were obtained. 
A still narrower class is the class of functions of regular growAi 
for which the ratio log 1 ^ M(r): log r tends to a finite number 
as r tends to infini^. The results of Borel have been madd 
more precise by Vmoan (Acta Math,, t 7 , 1914, 305-06 ; 
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1918, 1-28) and still more recently by G. Valiron (Ann. JScole 
Norm., 88, 1922, 317, or see his book Lectures on Integral 
Functions, 1923, chap. 4); the latter investigates the behaviour 
of the function f(s) in the neighbourhood of points «,at which 
“ M(r), deduces a direct proof of Picard’s theorem and 
extends Borel’s theorems to functions of infinite order. 

We have stated that the original proof of Picard’s theorem 
made use of the elliptic modular function, and it is by this 
means that extensions have been made by Landau, Schottky, 
and Carath6odory. Indeed, it has been shown by the last- 
named author that the modular function is essential to the 
complete theory, thus confirming the statement made in 1889 by 
Picard : “II est dans la nature des choses, semble-t-il, de 
s’adresser k une fonction possddant pr^cis^ment la propri^t6 
qu’on veut d^montrer ne pouvoir appartenir aux fonctions 
entiferes.’’ The most complete account of the theory from this 
point of view is contained in a recent volume of the Borel 
tracts by G. Julia: Les fonctions uniformes it point singulier 
essentiel (1923); a summary is also given by G. Valiron 
(Memorial d 4 )s Sci. Math., fasc. 2, 1925). In this connection the 
normal families of functions, introduced by Montel, are of 
importance; from every sequence of functions belonging to 
such a family we can select another sequence which converges 
uniformly to a limiting function, which may be constant or 
infinite. It is proved that any set of functions regular in a 
circle within which they cannot assume either of the values o 
or I constitutes such a normal family, and thence are obtained 
properties of functions which are regular in a sector in which 
they do not assume the values o and i. Other results, due to 
Julia, are obtained by considering the properties of the special 
family F (aO» which |<r| < i. 

JJITBOVOHT. By W. M. H. Grxavbs, M.A., Royal Observatory, 

Greenwich. 

Systematic Errors in Star-places and Proper Motions. —The 
many and important recent researches in astrophysics must 
have tended to obscure in the minds of many the necessity 
of steady and continuous work in that domain of ptronomy 
to which the term “ fundamental astronomy ’’ is usually 
applied. But, nevertheless, the continuous observation of the 
positions of stars in the sky and the comparison of observations 
at widely separated epoims leading to the determination of 
proper motions must necessarily form the basis on which a 
atrge proportion of our knowledge of the sidereal universe 
must be built. It is highly important that observed star- 
places idiould be free from serious systematic error, and the 
pmsent article be devoted to an account of recent discus- 
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sions of systematic errors in catalogues of stars observed wHb 
transit circles. 

It is chiefly in the observed declinations that such errors 
arc apt to be troublesome. It will be remembered that, some 
fourteen years ago Lewis Bors, determined the solar apex 
(that is, the point in the sky towards which the solar system 
is moving relatively to the stars) from the proper motions of 
the 6,188 stars in his Preliminary General Catalogue. The 
solar apex can also be determined from a discussion of line- 
of-sight velocities, and it is a matter of history that the positions 
of the apex, obtained in these two wa}^, differ by some ten 
degrees m declination, a difference which is far more than 
can be attributed to accidental error.* It is at once suggested 
that dther the proper motions or the radial velocities arc 
affected by systematic error, and Kapteyn has pointed out 
that the discrepancy would be removed if the proper motions 
in Bors’s catalogue were to be increased by a correction propor¬ 
tional to the course of the declination. 

W. S. Eichelberger, in the preface to vol. x, part i, of the 
“ Astronomical Papers ” of The American Ephemeris, discusses 
the Sjj^tematic errors in four star catalogues, viz. the First 
and Second Cape Fundamental Catalogues for the Equinox, 
1900, and two recent Washington catalogues comprising 
observations made with the 9-inch and 6-inch transit cirdes. 

The chief known causes of s}rstematic error in determinations 
of declination with transit circles are flexure of the instrum^t 
and errors in the assumed refractions. The first of these 
would lead to an error depending on the rim of the zenith 
distance, and the second would lead to an error dependii^ 
on the tangent of the zenith distance. There may possibly 
also be other sources of error of unknown origin. In any case, 
the observations are right at the pole, the declinations of dose 
polar stars consisting of measures between the positions of 
each star at upper and lower culmination, which measures 
converge to zero at the pole itself. The errors in dedination 
at the equator can be obtained from observations of the sun 
and inner planets, and, this having been done, it remains to 
determine how the correction varies as we pass from the 
pole to the equator. 

The Cape observations of the Sun, Mercury, and Vemu 
indicate a correction of o*‘25 in the neighbemrhood of the 
equator to the First Cape Catalogue and a correction of o'*47 
to the Second Catalogue. As regards the Washington p-inen 
observations a correction of was obtained. The results 

for the 6-inch observations were not available. 

* See Eddiagtoa, Stelhr Movements, ebapter v, 
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Eichelbei^er tabulates the differences between the dedina¬ 
tions of the two Washington catalogues and also the differences 
between the declinations of the two Cape catalogues. Several 
attempts were made to represent these differences by algebraic 
expressions. The best fit was obtained with an expression of 
the form x + y sin z, and the next best fit with an expression 
of the form m + n cos where z denotes zenith distance and 
8 declination. He then assumes that the systematic correction 
to be applied to the declinations of any catalogue must be of 
one of these two forms, and he analyses the two Cape Cata¬ 
logues and the Washington 9-inch catalogue for each algebraical 
form, the constants being determined so as to make the 
corrections have the observed values at the equator and 
vanish at the pole. Before analysing the. Cape observations 
a correction was applied to the refractions with which the 
observations were originally reduced so as to make them 
conform more closely with the Washington observations.* 

The differences between the Washington 6-inch and the 
corrected results from the Second Cape Catalogue were then 
formed and analysed in the two forms. The resulting expres¬ 
sions should represent the corrections to the 6-inch catalogue. 
It was found that if the form x + y sin « be adopted for the 
Cape observations the Washington 6-inch observations would 
be wrong at the pole by a second of arc irrespective of the 
form in which the differences Washington minus Cape were 
analysed. Such an error would be quite inadmissible. If, 
however, Cape observations were analysed in the form 
m + n cos 8, then the resulting corrections to the 6-inch 
observations will be less than o**i at the pole. The form 
m + « cos 8 was accordingly adopted for the Second Cape 
Catalogue, a choice which was con^med by comparison with 
the 9-inch catalogue. Furthermore, on forming the differences 
between the corrected 9-inch and corrected First Cape cata¬ 
logue, the corrections being of course made according to both 
forms, it was found that the differences were decidedly smaller 
when the m + n cos 8 form was applied to the First Cape 
Catalogue. This form was accordingly adopted. From a 
further similar discussion of the difference between the cata¬ 
logues the m + n cos 8 was adopted for the 9-inch Washington 
catalogue and the x + y sin form for the 6-inch. 

In order that the reader may gain some idea of the orders 
of magnitude involved, the systematic corrections obtained by 
Erichelberger to the four catalogues discussed will not be 
given. 

/ 

* Hub WaaUagtoa xefmctionB were detennioed from obwrvatiaiis of 
tisemiqpolar stus. 
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To the First Cape Fundamental Catalogue for the equinox 
1900 correction - - o'*22 + o'*S4 cos S •- o-i 5 tan m. 

To the Second Cape Fundamental Catalogue for the equinox 
1900 correction** — o'22 +0’'77 cos 8-0*15 tan en. 

To the Washington 9-inch observations correction 

•- +o'*20 -♦-o''* 26 sin zs. 

To the Washington 6-inch observations correction 

— o** 48 cos 8. 


In these formulae 8 denotes declination, zn zenith distance 
north, and zs zenith distance south. 

By a procedure which is in eifect a comparison between 
the four corrected catalogues and Bors’s catalogue, Eichelbei^er 
obtains the proper motions of the 1,504 stars discussed. These 
proper motions are printed in the catalogue which forms the 
main part of the volume in the form of corrections to Bors’s 
proper motions. These corrections are tabulated for eveiy 
10® of declination. The results show a general kind of accord¬ 
ance with Kapteyn’s suggested k cos 8 correction, this value 
of k being about o'*oio per annum. Kapteyn’s value of h 
was o'*oi3 annum. In Eichelberger’s results there seems 
to be a tendency for the maximum correction to come some¬ 
what south of the equator. 

The above account of Eichelberger’s discussion has been con¬ 
cerned only with declinations. Eichelberger also discusses the 
right ascensions. By straightforward comparison of the four 
catalogues he obtains the corrections necessary to reduce each 
catalogue to the mean of the four. Corrections to the right 
ascensions of Bors’s catalogue and to Bors’s proper motions 
in right ascension are given. 

In an appendix to the volume the proper motions obtained 
by Eichelberger are discussed for solar motion. The declina¬ 
tion of the solar apex obtained is + 20°‘5, which b 14® smaller 
than the declination obtained by Bors and 5® smaller than 
the declination obtained by Campbell from his discussions of 
line of right velocities. The probable errors of Eichelberger’s 
and Campbell’s values are d: i‘7 and ± 1*8, so that it cannot 
be definitely stated that the difference of 5® is not accidental. 
Eicbelberger’s value for the right ascension of the apex u 
265 ®*2 d: i‘9» which may be compared with Bors’s value of 
370*5 ± 1*5 and Campbell’s value of 268®*s ± 3 *o, 

Sir Frank Dyson and R. T. Cullen, in Monthly Noticzz, 
vol. Ixxxiv, No. 7, May 1924, have discussed the declinations 
of the Greenwich observations for 1915-21. These observa¬ 
tions were reduced to the epoch 1935*0, with Newcomb’s 
precessions and Bors’s proper motions, or, for stars not in 
Bors’s catalogue, with N^ren’s proper motions revised lUfc 
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Gt«enwich by the addition of recent Greenwich and Cape 
observations. 

As pointed out above, one 6f the sources of systeimtic 
error in observed declinations is flexure of the transit circle. 
This should lead to an error varying as the sine of the zenith 
distance, and may be determined by observing the horizontal 
flexure with the aid of the collimators. It may also be deter¬ 
mined by observing stars in the ordinary way and reflected 
in a trough of mercury. Unfortunately, at Greenwich the 
flexure as determined with the collimators is nearly insensible, 
whereas differences are always found between direct and reflected 
observations. Furthermore, these differences do not appear to 
depend on the sine of the zenith distance, but rather they seem 
to be proportional to the tangent of the zenith distance. 
On making the best fit of the differences to a formula 
a + i sin z, the values a <=» + o'* 155,6 *= + o'*69 are obtained. 

The observations were actually reduced with a flexure 
correction of o**6o sin z, with Pulkovo refractions, and with 
co-latitude 38*31'21'•90, these being the corrections with 
which recent Greenwich catalogues have been reduced. This 
seems to be justified by the sun observations, which, as has 
been pointed out, determine the error at the equator. On 
forming the quantities tabular-observed for the observations 
of the sun’s declination the mean comes out to be - o'*01. 

Dyson and Cullen proceed to compare the observations 
with those published in the Second Cape Catalogue for 1900, 
consisting of observations made in the years 1912-16. There 
are over 1,200 stars common to the two catalogues. The 
differences of declination in the sense of Greenwich-Cape 
were formed for every 5“ of declinations. The gradient of 
these differences below the equator suggest that the Greenwich 
refractions need to be slightly increased for the southern 
stars. The observations of circumpolars, on the other hand, 
show that such an increase is inadmissible for stars north of 
the zenith. Dyson and Cullen conclude that the refraction 
at Greenwich is greater in the south than in the north— b. con¬ 
clusion which is quite reasonable when the local topography 
is considered. A correction of -f o'^io tan z is need^ for the 
southern stars in order to straighten out the differences 
Greenwich-Cape. The application of such a correction, how¬ 
ever, reduces the declinations of the sun by o'-16 sin z. To 
put this right an alteration in the coefficient of the flexure 
twm o'-6o sin z is necessary. 

From this and other considerations Dyson and Cullen 
epndude that the best results will be obtained by adopting a 
flexure correction of o'-50 sin z, and Pulkovo refractions 
an addition^ o'*io tan a for t^e south stars only. 
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Taking the cc^latitade to be 38'*3i'2i''8o, and appfying 
the above corrections, a comparison is made with tm 1915 
Pulkovo catalogue, with the Berliner Jt^rbuch, with The 
American Ephemeris for 1925 (wth the corrections given there) 
and with Bors's catalo^e. The results show that the Green¬ 
wich observations are in general agreement with the Berliner 
Jahrbuch in taking a middle position between Bors and The 
American Ephemeris. 

In each of these comparisons there is a discontinuity at the 
Greenwich zenith, at prwent unexplained. 

In the above discussion by Dyson and Cullen the corrections 
to the declinations deduced from observations of the sun 
came out to be +o*’Oi. This correction is, as has been 
pointed out, applicable to declinations reduced with co-latitude 
38*31'21'*90, with flexure o'-6o sin e and with Pulkovo refrac¬ 
tions. The correction at the equator can also be determined 
from observations of planets, and in the same number of the 
Monthly Notices J. Jackson discusses the Greenwich observa¬ 
tions of Venus for the years 1915-23. 

Jackson converts the observed declinations and right 
socensions of Venus into longitude and latitude. The declina¬ 
tions had been previously reduced with the above values of 
the co-latitude, flexure, and refraction. He differences the 
resulting values of the latitude and longitude from the tabular 
Values in the Nautical Almanac. Analysis of these differences 
yield corrections to the equatorial declinations to the adopted 
right ascensions of the clock stars, and to the orbital elements 
of the earth and Venus. 

From the discussion of the differences in longitude the 
correction to the right ascensions comes out to be -o'osS + 
0 * 012 . 

From the discussion of the differences in latitude the 
correction to the equatorial declinations comes out to be 
+ o'oS ± o*’o3. 

A further discussion of the differences between the observed 
declinations and the tabulars gives the correction to the 
equatorial declinations as + o''i8 + o'*04. 

Jackson also gives a short discussion of the comparatively 
few observations of Mercury available. The correction to the 
equatorial declinations comes out to be + o**o6. 

The accounts given above should give the reader some 
idea of the fascination attached to discussions of 
observations. Eichelberger’s discussion is of particular interest, 
especially that part of it whidi led him to adopt the ccs 8 in 
praerence to the sin s correctibh in the cases of three out of 
the four catalogues discussed. An obvious critic^ is rimt 
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there is a physical reason for a correction of the latter form, 
to wit, flexure of the instrument, whereas no instrumental cause 
can be assigned to the cos S correction. On the other hand, 
the figures certainly seem to be fairly decisive in favour of the 
cos c correction, the sin s correction to the record Cape Cata¬ 
logue leading to an impossible correction to the Washington 
6-inch observations in the neighbourhood of the pole. The 
matter will probably remain controversial for some time. 

niTSICUi. By L. F. Bates, B.Sc., PhJ>., F.Inst. P., University College, 
London. 

Racent Advances in Magnetism. —Our present knowledge of the 
nature of magnetism certainly leaves much to be desired, but 
it is of interest to consider some recent exi)eriments, which 
bid fair to assist us in our interpretation of magnetic phenomena. 
The difficult and important researches of Gerlach and Stern 
must first be considered. The theoretical basis of these experi¬ 
ments is given by Stern {Zeit. fur Physik, vol. 7, p. 249, 1921). 
According to the quantum theory, the vector of the moment 
of momentum of an atom situated in a magnetic field can only 
make a discrete angle with the direction of the field, such that 
the component of the moment of momentum in the direction 
of the field is an integral multiple of h/ 2 ir, {vide Sommerfeld, 
Atomic Structure and Spectral Lines, English Translation, p. 242). 
In general, with atoms whose total angular momentum is 
nh/2v, only 2» discrete positions are possible, since, according 
to Bohr, the position of the atom in which the vector of angular 
momentum is perpendicular to the direction of the magnetic 
field must be excluded. Thus, for an atom whose total angular 
momentum is h/ZTr, only two discrete positions are possible^ X 
for the components of the vector of the angular momentum 
in the direction of the field have only the two values ± h/2v ; 
e.g. single hydrogen atoms and single quantum atoms, on 
Bohr's conception, would have the planes of their orbits per¬ 
pendicular to the field. Although this spatial quantisation in 
a magnetic field gives a simple interpretation of the Zeeman 
effect, there are several difficulties in the way of its acceptance. 
For example, it would be expected that a gas placed in a 
nmgnetic field would exhibit double refraction phenomena, 
and of this we have no experimental knowledge ; in fact, 
Gerlach and Stern showed in the case of sodium vapour that 
magnetic double refraction does not exist. However, if on 
the above theory we consider a single quantum atom placed iti 
the non-homogeneous field of a powerful electromagnet, the 
atom should experience a force which could only act upon it 
in one of two possible directions. Gerlach and Stem, in thtrir 
l^llpndiiienln, a wedge-shaped pole piece, and tfa^ caused 
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a stream of metallic atoms, vaporised in a specially designed 
dectric oven, to be projected through a narrow slit, so that they 
moved parallel and close to this wedge in vacuo. On the 
above theory, if the atoms were single quantum atoms, this 
stream should be resolved into two definite bands, wheiws, 
if the magnetic axes of the atoms were orientated in all directions 
only a broadening of the stream would occur. A knowledge 
of the distance between two such bands, and the constants of 
the magnetic field, would enable us to calculate the value of 
the magnetic moment of the atoms. A clear description of the 
general arrangement of the apparatus used is given in the 
AnnaUn der Physik, vol. 74, p. 677, 1924. In the earlier 
experiments, beams of silver atoms were used, which, after 
traversing the magnetic field, fell upon a carefully cleaned strip 
of plate glass and formed invisible deposits of silver thereon. 
These deposits were rendered visible by repeated development 
with dilute silver nitrate solution (i per cent.) to which was 
added f to 1 per cent, of hydroquinone solution, not too fresh, 
and a laree quantity of gum-arabic. The silver atoms were 
found to be spread out into two bands, one being deflected 
towards the wedge, and the other away from it, and there were 
no undeviated atoms in the region between the two bands. 
This has been interpreted as a direct proof that the silver atom 
possesses a magnetic moment, and that spatial quantisation 
of atoms takes place in a magnetic field. In a more recent 
communication {Annalen der Physik, Feb. 1925) a more detailed 
description of apparatus and results with other atoms are given. 
It was found that some metals gave visible deposits, which 
were of the same form as the developed silver deposits, and 
deposits of other metals could be developed or intensified in 
the same way. Silver, copper, and gold were found to possess 
magnetic moments of the order of one Bohr magneton, whilst 
zinc, lead, antimony, bismuth, and iron showed no effect; yet 
nickel gave a rather complicated deposit, produced by sucA 
very powerful action of the field on the nickel atoms that some 
were drawn into the pole piece and others were sent away until 
they entered a field whose intensity varied so little from place to 
place that they continued to travel parallel to the edge of the 
wedge without further deviation. The difference in the 
nehaviour of nickel and iron seems very remarkable. 

In connection with these experiments, mention must be 
made of the difficulties which attend their interpretation, and, 
in particular, reference may be made to a paper by Einstein 
and Ehrenfest (ZetV. fUr Physik, vol. 11, p. 31, 1922), who dis* 
cuss the method by which the silver atoms in these experiments 
obtain their discrete orientations. They point out that the 
atoms suffer no collisions in the deflecting magnetic firid, 
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iota long as the emission and absorption of radiation, collisions, 
etc., are excluded, the atoms will perform a Lannor precession 
about the direction of the magnetic field. If, then, the direction 
of the field changes slowly with respect to the speed of the 
precession motion, the angle of precession will be constant, 
and a deposition of the silver atoms on the glass plate cannot 
take place in the manner required by the quantum theory, 
unless effects due to radiation and to atomic collisions are 
present. However, even admitting the influence of radiation 
at room temperature in the deflecting chamber, it is found that 
the time required to enable an atom to take up a definite 
orientation would be of a totally different order of magnitude 
to that actually required to account for the experimental 
results. To avoid these difficulties, two alternate assumptions 
are made ; viz. : (a) The effective mechanism is such that the 
atoms never are in a state in which they are not fully quantised 
spatially; or, (b) The orientations demanded by the quantum 
theory are produced by gain and loss of radiation with a velocity 
of reaction infinitely greater than that of the change from 
quantum to non-quantum states. The characteristic differences 
and difficulties which arise from these two assumptions are dis¬ 
cussed and used to show how unsatisfactory are the conclusions 
drawn from the Gerlach and Stern experiments. 

Ruark and Breit (Phi/. Mag., Feb. 1925, p. 504; point out 
that the Gerlach and Stern experiments only give information 
of the component of the magnetic moment of the atom parallel 
to the direction of the field. Now, Bohr’s model of the helium 
atom requires that it should be paramagnetic, whereas helium 
gas is diamagnetic. Bohr, therefore, assumes that the spatial 

Q uantisation of normal helium is such that the atoms are 
irected with their axes of angular momentum perpendicular to 
the field, so that there is no positive contribution to the sus¬ 
ceptibility, and the gas is diamagnetic. A Gerlach and Stem 
experiment, if it were successful and showed no deflection of 
a stream of helium atoms, would not decide between Bohr’s 
conception and the view that the helium atom has no residual 
magnetic moment, and can thus take up any orientation with 
respect to the field. However, if the helium atoms are 
orientated in a magnetic field, as above, then the gas should 
possess a different dielectric constant, according as the applied 
electric field is parallel or perpendicular to the applied magnetic 
held, and Ruark and Breit propose to test this experimentally, 
Glaser has recently described {Annalen der Physik, vol. 75, 
p. 459, 1924, and Physikal. Zait., vol. 26, p. 212, 1925) a very 
sensitive experimental arrangement for the examination of the 
tnahaetic susceptibility of a gas at Various pressures. He 
suspended a small glass cylinder from a torsion head inside a 
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dhamber placed between the poles of an electromagnet, bjr 
means of a fine quartz fibre. The cylinder was made of two 
kinds of glass, so that it was slightly paramagnetic. In the 
chamber the gas under investigation was stored at various 
pressures, and the angles through which the torsion head was 
turned in order to restore the cylinder to a fixed position of 
equilibrium were measured, a constant magnetic field being 
maintained between the poles of the electromagnets. These 
aisles were measures of the differences in susceptibility of the 
cylinder and the surrounding gas at these pressures. Great care 
was taken to keep the chamber and its contents at a constant 
temperature. A series of curves representing the relations 
between the susceptibility and the pressure for highly purified 
carbon dioxide, hydrogen, and nitrogen were thus obtained. 
On the classical theory the susceptibility of a given gas should 
be directly proportional to its pressure. However, it appeare 
from these curves that at high pressures the diamagnetic 
Susceptibility of a given volume of a gas is directly proportional 
to the pressure, but around a certain value of the pressure, 
which value differs for the several gases, this simple relation 
ceases to exist, and the diamagnetic susceptibility then 
decreases much more slowly over a range of pressure values, 
until eventually the diamagnetic susceptibility of a given 
volume again decreases linearly to zero with the pressure, but 
at a much greater rate than before. Glaser has suggested that 
these features may be explained on the assumption that at the 
lower pressures the molecules have larger mean free paths, and 
the time between molecular collisions becomes sufficiently 
great to permit them to take up definite orientations with 
respect to the magnetic field, as required by the quantum 
theory, and consequently, when the pressure of the gas is 
suffiaently low, the molecules may be regarded as completely 
orientated in a definite direction, and the susceptibility per 
unit volume again becomes directly proportional to the pressure. 
It should be noted, however, that this explanation is by no 
means satisfactory; e.g. Pauli {Physikal. Zeit., vol. 36 , p. 
317, 1935) has pointed out that for the large majority of the 
molecules of the gases investigated under the temperature 
conditions of Hie experiments, the total quantum numbers, 
and therefore, the numbers of possible orientations, are so lar^ 
that the molecules might almost be regarded as orientated in 
all directions. Glaser nimself emphasises the need for further 
experimental work under widely different conditions of field 
and temperature, and such work is now in progress. 

In connection with the diamagnetism of gases a idiort 
theoretiosl paper by S. J. Banidtt (JRSys. Rw., June 1935I ki 
of interest. He d^Kusses Weber and Langevin's theory of 
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diaxoagnetism, and also that of Pauli (Zei/. fUr Physik, vol. 2, 
p. 201, 1920), and shows that Glaser’s experimental result, viz. 
that the diamagnetic susceptibility at low pressures may be 
three times the expected value on the classical theory, could not 
be predicted from Pauli’s unmodified theory, which applies 
only to monatomic gases, and could be accounted for on the 
Weber-Langevin theory only by assuming all the electron orbits 
in the atom to be coplanar, which is far from probable, and by 
assuming complete alignment, a reason for which is not clear. 
In discussing the alignment of diamagnetic molecules, Barnett 
points out that the expression derived by Langevin for the 
alteration of the susceptibility with alignment indicates that, 
even with the most intense fields available, the effects must 
be extremely minute, except at a temperature near absolute 
zero, and the theory cannot account even qualitatively for 
Glaser’s results. There is clearly much need for fundamental 
magnetic experiments, particularly on the diamagnetism of 
gases. 


OBOAVIO CBSKX87BY. By O. L. Brady, D.Sc., F.I.C., University 
College, London. 

Ring-chain Tautomerism .—If the carbon atom occupies the 
centre of a regular tetrahedron, and the four valencies are 
directed towards the corners, the angle between any two 
adjacent valencies is i09°-28'. Thorpe and his co-workers 
(J.C.S., 1915, 107, 1080 et seq., see also this Journal, 1921, 
16, 14) have, however, shown that if the angle between two 
valencies be altered by their participation in ring formation, 
or by their attachment to groups, the remaining angles will be 
changed in consequence. The criterion employed to test this 
idea was the ease of formation and stability of ring compounds. 
As might be anticipated, where the two valencies were in the 
cyclo hexane ring, it was found that treatment of the dibromo 
ester [i] with potash gave the hydroxy ring acid [ii]: 

XH,—CH^ .CHBr—COOEt X(OH)COOH 

CH/ >C< ^C.H„:C/! 

XH,—CH,^ XHBr—COOEt XH—COOH 

[i] pi] 

where, however, they were attached to methyl groups, treat¬ 
ment of the dibromo ester [iii] with aqueous caustic potash 
gave the ethoxy compound [iv] and the keto acid [v] in its 
Hydrated form : 

CH,. XHBr—COOEt X(OEt)COOH .CO—COOH 

/>C< Me,c/| Me,C< 

V XHBiMX)OEt XH—COOH XH,—COOH 

Ciu] pvj [v] 




*4 
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(The alkylos^ derivatives are hydrolysed by hydriodic add to 
the keto ado [/.C. 5 ., 1923, US, i;207]). 

Thus the effect of the cyclo hexane ring is seen in the 
stability of the hydroxy ring acid, while with the gem-dimethyl 
gro^s the keto acid is stable. 

Experiments have now been carried out to find the effect 
of different groups on the formation of the hydroxy ring acid 
and the keto acid, and in the case of the gem-diethyl group 
(Deshapande and Thorpe, J.C.S., 192^, Ul, 1430) it has been 
found that both compounds can be obtained, and that they 
are tautomeric—^that is to say, a 64 per cent, aqueous solution 
of potassium hydroxide will convert either into an equilibrium 
mixture of 38 per cent, of the keto acid [vi] and 62 per cent, 
of the hydroxy ring acid [vii]. 

C.H.S ,CO-COOH 


C,H.. >C(OH)COOH 
CjH/ XH,—COOH C,h/ XH—COOH 

[Vi] [vii] 


Singh and Thorpe (J.S.C., 1923, 128 , 113) found that in the 
case of the methyl ethyl groups, the keto acid [viii] was obtained 
and was stable to a 64 per cent, aqueous solution of potassium 
hydroxide: 

CH^ .CO—COOH 

X [viii] 

C,H/ XH.—COOH 

Bains and Thorpe {J.C.S., 1923, 188 , 1206^ found that to 
the case of the gem-di-n-propyl group, the dibromo ester [ixl 
gave a mixture of the keto acid [x] and the hydroxy ring acia 
fxi], and that these gave, in 60 per cent, aqueous potassium 
hydroxide, an equilibrium mixture of 29 per cent, keto acid 
and 71 per cent, hydroxy ring acid. 

XO—COOH 

.CHBr—COOEt XH,—COOH 

Pr-,C<' <" f 

\:HBr-COOEt \ ;C(OH)COOH 


Ex] 


[ix] 

These results may be summarised : 


CH—COOH 


BqiitUbfivoB. 


[xi] 
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The cydo pentane derivatives have been found similar to 
the dimethyl derivatives in their general reactions, Lanfear 
and Thorpe (J.C.S., 1923, 128 , 1683). When, however, the 
dibromo compound was treated with potassium hydroxide, a 
hydroxy ring acid could be obtained which hydrobromic acid 
converted to the keto acid. The reason for this difference 
of behaviour to the dimethyl derivative is that the hydroxy 
ring acid is a cis form whilst the other hydroxy acids from, 
for example, the diethyl compound, are irans forms, and it is 
the latter which undergo fission with alkali. Thus the in¬ 
stability must be due to the hydroxyl and carboxyl groups 
being on the same side of the ring, and the change, keto 
acid ^ hydroxy ring acid, may be represented : 


COOH 

COOH 

1 

/C—OH 

1 

^ X-0 

R,C<(| 

XH—COOH 

% 


COOH 

XO—COOH 

1 

^ R,C< XH 

XH-C< 

X)H 

R,C< 

XH,—COOH 


In these compounds, it is therefore possible to realise the 
necessary conditions, such that the following ring-chain 
tautomerism comes into play : 



The molecular volumes of the gem-diethyl and the gem-di-n- 
propyl groups are slich that the angle y is made greater than 
the tetrahedral angle 2 tan and less than 120®, the cyclo 
hexane angle. In consequence the value of the angle x is 
decreased to between io7®*2 and J09“*5, the values in the 
cases of the cyclo hexane and dimethyl derivatives, and so 
the carbon atoms a and b are at such a distance apart that 
two forms, keto acid and hydroxy ring acid, are tautomeric. 
This riz^-chain tautomerism may be compared with the ordinary 
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leeto^ol tautomerism, R—CO—CH^-* ^ R—C(OH) - CH—. 

(a) 

(b) 

Another interesting case of ring-chain tautomerism is the 
following : when the ©-imide of oo‘-dicyano-4?-benzyl-6J-methyl 
glutaric acid [xii] (Kon and Thorpe, J.C.S., 1919, U6, 704), 
prepared by condensing benzyl methyl ketone with ethyl 
cyano-acetate in alcoholic ammonia, was hydrolysed, it did 
not give the expected /9 substituted glutaric acid [xiii] 



Ph—CH,. /CH(CN)CO. 

>€< >NH 

CH,^ X:H(CN)C0/ 

[xii] 


Ph—CH,. ,CH,—COOH 

yK 

ch/ xh,—cooh 

[xiii] 


Later, Kon and Stevenson (J.C.S., 1921, 119, 87) found that 
the product of hydrolysis was the tetrahydronaphthalene 
derivative [xiv] : 



N:Me—CH,~COOH 



[xiv] 


When the compound [xiv] was treated with a i per cent, 
solution of potassium permanganate in sodium hydroxide, a 
compound was obtained which has been found to react in the 
two forms [xv] and [xvi] {ibid., 1922, 121, 650): 


XH 




CMe—CH,—COOH 


CO 


/ 


CO 


XH, 


[xv] yellow. 


CMe—CH,CO 

I I 

C(OH) O 

XO"^ 

[xvi] colourless, m.p.171®. 


It mves an acetyl derivative in accordance with [xvi] and with 
o-phenylenediamine, a quinoxaline, which is a monobasic acid, 
in accordance with [xv]. The colourless compound m.p. 171“ 
gives a colourless solution in alcohol or water. When the 
solution is warmed, a yellow colour appears, and this disappears 
on cooling. A similar result is obtained using benzene as a 
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solvent. It is therefore suggested that the compounds exhibit 
ring-chain tautomerism, the diketo form being yellow : 

C-C C-C 

I I I I 

CO HO—OC C(OH)-O—OC 

Another substance investigated is the acid C,Hj20„ which 
was obtained by Balbiano by oxidising camphoric acid. 
{Rend. Accad. Lincet, 1892, 1, 278 ; Ber., 1894, 27 , 2133). 
Balbiano reduced this to an acid which Perkin and 

Thorpe showed to be oyS/S-trimethyl glutaric acid {J.C.S., 
1899, 76 , 61). Balbiano suggested the oxide formula [xviil 
for his acid CjHuOj. He reduced it to a lactonic acid [xviiij 
which could be oxidised back to the original acid. 


/CH—COOH 

ch/ \ 

I CMca 

CHav / 

\CMe—COOH 


CH—COOH 

/I 

O CMca 

\l 

CMe—COOH 
[xvii] k 


CHa—COOH 


CHMe-COOH 


CO—COOH 

I 

CMcg 


CH—COOH 

|--^o 

CMe. 1 


CHa-C( 

I I 

CMca D 


CHMe-COOH CHMe—CO CMe—COOH 

[xx] [xviii] [xix] 

Balbiano, m.p. 163° Blanc, m.p. 163* 
R., S., and T., m.p. i6s®*s. 


Blanc {Bull. Soc. Chint., 26 , 68) prepared an isomeric 

lactonic acid m.p. 163®, which must have the structure [xix] 
as it was prepared from dimethyl laevulic acid, by addition of 
hydrocyanic acid and.hydrolysis. Balbiano then re-examined 
hiS^reduction product, and states that he prepared from it, 
by separation of the barium salts, two lactonic acids m.p. 163" 
and m.p. 165°. Blanc states that Balbiano’s lactonic acid 
depressed the melting point of his lactonic acid to about 115®. 
Balbiano, with a mixture of the lactonic acids prepared by 
him, found that the melting point was depressed only s“, and 
concluded that he had prepared both lactonic acids [xviii] and 

[xix] from his acid, and that therefore the oxide formula [xvii] 
was correct. 

Mahla and Tiemann {Ber., 1895, suggested that 

Balbiano’s acid was a'-keto-a/§y8-trimethyl glutaric add 

[xx] . On heating it was[converted into carbon monoxide and 
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trimethyl succinic anhydride. They prepared derivatives vrith 
hydroxylamine and /nbromophenyl hydrazine. Balbiano {B**,, 
1897, 80, 289) showed that the latter was an addition product 
and not a hydrazone. 

The whole question of the structure of this acid has now 
been completely re-examined (Kon, Stevenson, and Thorpe, 
J.C.S., 1922, la, 650 ; Pandya and Thorpe, ibid., 1923, VH, 
2852 ; Rothstein, Stevenson, and Thorpe, ibid., 1925, 187, 
1072). Both the lactonic acids have been obtained from the 
monobromination of a/8/8-trimethyl glutaric acid. A mixture 
of the two, melted at 115®, confirming Blanc’s statement. 
Blanc’s lactonic acid has been synthesised again, and it has 
been shown that it is not prepared by the reduction of Bal¬ 
biano’s acid. It is suggested that Balbiano’s acid exhibits 
ring-chain tautomerism, and reacts in the two forms [xxi] 
and [xxii]. 



C(OH)^OOH 


CO—COOH 

1 


[xxi] 

1 1 
CHMe—CO 


CMe, 

1 

CHMe-COOH 

[xxii] 







NH—C,H.NH, 


N—C.H.—NH 

II 1 


[xxiii] 

1 

C(OH)—COOH 


II 1 

c-CO 

[xxiv] 


1 

CMe, 

1 

CHMe-COOH 

htt 

1 

CMe, 




1 

CHMe-COOH 



Perkin and Thorpe found that the best reagent for the identifi¬ 
cation of a-keto-y9/9-dimethyl glutaric acid' was o-tolylene- 
diamine, which gave a condensation product [xxv] : 


[xxv] 


HOOC—CH,—CMer-C : N—C,H,Me 

i I 

CO-NH 


o-phenylenediamine has now been found to give a sin^jlar 
product. 

When Balbiano’s acid was treated with o-phenylene¬ 
diamine, an addition product [xxiii] and a condensation pro¬ 
duct [xxiv] were obtained, suggesting that the acid was reacting 
in two forms. When the addition product was heated above 
Its melting point, it passed into the condensation product and 
water. 
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The formation of carbon monoxide and trimethyl succinic 
aidiydride from the hydroxy lactone [xxi] on heating, may 
be explained thus : 


OH OH 

I I 

C-==::::^:0 

CMe, I 

I I 

CHMe—CO 



C^^ . N> c; O 

• 7^9 

CMe, 

I I 

CHMe—CO 


-^CO + 




CHMe—CO 


The above examples indicate the general ideas on this 
subject brought forward by Thorpe and his co-workers. The 
conception has also been applied to the Mutarotation of the 
Sugars (Baker, Ingold, and Thorpe, J.C.S., 1924, 12S, 268), 
Cyanobenzoic acid (Dickens, Horton, and Thorpe, ibid., p. 
p. 1830), and to the Fluoresceins and Rhodamines (Dutt and 
Thorpe, ibid., p. 2524). 


OaOXiOOT. By G. W. Tyrrell, F.G.S., A.R.C.Sc., Ph.D., University, 
Glasgow. 

Mtchanism of Intrusion and Tectonics. —Within recent years 
there has arisen a new school of interpretation of the relation 
between igneous masses, especially granite, on the one hand, 
and orogenetic pressure and tectonics on the other. This 
movement is headed by Prof. Hans Cloos of Breslau, and dates 
from his investigation of the tectonics and intrusion-mechanism 
of the,Erongo granite of ex-German South-West Africa (JB«i/r. 
BUT Mol. E^orschung^ der Deutsch Schutegeb., Heft 17, Berlin, 
1919)» followed by intensive work on the granite masses of 
Eastern Germany. His methods have been taken up enthusi¬ 
astically by many German, Austrian, and Scandinavian geolo¬ 
gists. Cloos’ principal works are the following: “ Der Mecha- 
nismus tiefvulkanischcr VorgSnge ” {Sammlung Vieweg, Heft 57, 
Braunschweig, 1921). Tektonik und Ma^a. Untersuchungen 
xur Geologie der Tiefen ” (Bd. i, Abhandl. d. Pr. Geol. Lands- 
sanst. NJ^.; 89, Berlin, 1922. Bd. 2, 1923). Der Gebirgsbau 
Schlesiens und die Stellung seiner Bodensckdtee (Gebr. Bom- 
tar&g&r, Berlin, 1922). Einfiihrung in ^ tektonische Bekan^ 
lung magmatiscker Ersckeinungen (Granittektonik), i, Spez. Teil. 
Reisengebirge in Schlesien (Gebr. Bomtrkger, Berlin, 1925^ 
TO. 194). Excellent reviews and summaries have been given 
TO S. von Bubnoff Die Methode der Granitmessung und ihre 
bidherigen Ei^ebnisse,” Geol. Pundsck.,U, 1922, pp. 151-70), 
and H. Reck (Review, Zeitsckr./. Vulk., Bd. 8, Heft i, 1924, 
pp* 38-72). 
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The fundamental observation of Qoos is that granitic 
intrusion almost always takes place under directed pressure, 
which leaves its distinctive marks on both solid and plastic 
phases of the igneous rock. He makes a sharp distinction 
between concordant and discordant massifs. The borders of 
concordant massifs run parallel to the strike and elongation 
textures of the framing rocks. Such massifs are little suited 
for the determination of the general pressure direction, for, 
as they were intruded during orogenic deformation, the enclosing 
frame itself was more or less plastic, and the directional features 
produced in the granite indicate only the movements of the 
frame. But when the orogenic block is stiffened by folding 
and intrusion it is able to transmit the general pressure un¬ 
deviated, and the directional features produced in the solid 
igneous rock now occur according to the mechanical laws of 
solid, not semi-plastic, masses. The features are determined 
by fracture-tectonics, not fold-tectonics. A newly intruded 
massif at this stage does not follow the strike of the older 
folding, but room is made for it according to the fracture- 
tectonics of solid bodies ; it breaks across fractures and 
joint-planes and becomes a discordant massif. 

Hence the directional features in granite may be divided 
into those impressed during the plastic phase and those 
impressed in solid phase. Amongst the former are foliation 
(the least valuable for pressure determination, as it depends 
on so many other factors, such as local pressure of the frame, 
load, etc.), flow-banding and schlieren, and the linear streaking 
(Streckung) shown by the parallelism of columnar, acicular, or 
flaky minerals. The solid phase features are the potential 
fracture directions of rift and grain, joints, diagonal fissures, 
and dykes. All these directions are .shown by Cloos to be 
mathematically related, and to be orientated with reference 
to the directions of pressure prevailing during and after the 
intrusion and consolidation of the granite. 

Directed pressure thus does not cease with the consolidation 
of the granite ; a semi-plastic reaction is merely succeeded by 
a brittle reaction. This deduction from the related orientation 
of the two sets of directional features has an extremely important 
faring on the ages of foliated and unfoliated granites where 
these occur together, as in the Dalradian area of the Scottish 
Highlands. Cloos has remarked on. the mineralogical and 
chemical similarity, and even identity, between similarly 
related German granites. Obviously foliation in such granite 
masses may be no criterion of totally different age to the 
associated unfoliated granite ; and if the direction^ features 
in each can be shown to be closely related, a close association 
in time is also indicated. 
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In regard to the origin and emplacement of batholiths 
Cloos has been led to views diametrically opposed to those of 
Daly (“ Das Batholithenproblem,” Fortschr. d. Geol. und. Pal., 
Heft I, 1923, 80 pp.). Daly bdieves that magmas are active 
agents in making room for themselves by stoping and assimila¬ 
tion. Cloos, on the contrary, gives reasons for believing that 
the spaces occupied by batholiths are tectonically made by 
thrusting upwards, laterally, and even downwards, of the 
enclosing rocks, and that the magma is passively squeezed into 
place. Stoping, inclusions of country rock, and assimilation, 
are to him merely “ by-product ” phenomena. Furthermore, 
field study of the German granites shows that they have been 
injected between the country rocks, and are therefore not 
“ bottomless.” Concordant massifs have roofs and floors 
determined by structural and foliation planes. Discordant 
massifs differ from laccoliths only in that their upper margins 
are determined by major joint fractures which cross-cut the 
structural features of the country rocks, and thus bring about 
discordant junctions. These ideas are very little removed from 
those expressed by Iddings in his last book. The Problem of 
Vulcanism, 1914. 

Just as, when the general succession of fossils in the geo¬ 
logical record was first ascertained, this succession was used in 
its turn to solve stratigraphical problems, so the intensive 
study of directional features in granite masses has thrown new 
light on the tectonics of the regions in which they occur. Thus 
Cloos and his co-workers, von Bubnoff in particular, have 
reached important new conceptions in regard to tectonic con¬ 
ditions in the Northern Alps, where they are opposed to the 
Hercynian blocks of South and Eastern Germany. The tectonics 
of the Hercynian blocks themselves have been further eluci¬ 
dated. Although Cloos, in his enthusiasm, may have somewhat 
overstepped his facts, and strained his theories, there can be no 
doubt whatever that his methods have been and will be 
extremely fruitful in results in the tectonic field, and in regard 
to modes of plutonic intrusion. 

The structural relations of the great igneous complex of 
the Bushveld (Transvaal) have been studi^ by Profs. R, A, 
Daly and G. A. Molengraaf {Joum. Geol., 82 , 1924, pp. i-3S)« 
This enormous mass, an erosion remnant still 500 kms. long 
by 150 kms. wide, has lopolithic relations to its floor, but, on 
account of the number of different units involved, it is best 
called a complex pending further knowledge. The magma, 
originally basic, seems first to have produced thick sills in the 
strata of the Transvaal System, but most of it broke right 
through and diff^entiated as a basal mass of norite surmounted 
by granophyre-felsite. The characters of the latter appear to 
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indicate actual weUing>out at the surface; and it thus illus¬ 
trates areal or de-roofii^ eruption on a grand scale. Both 
phases were later penetrated by dykes, sheets, and stocks of 
coarse granite, the last phase of the igneous invasion. The 
whole episode shows thorough differentiation dominated by the 
gravity field. 

G. R. MacCarthy has made a study of laccolith formation 
by experimental methods {Joum. Geol., 88, 1925, pp. i-iS). 
Artificial strata of alternate layers of plaster and wet sand 
were injected from beneath by a plaster mixture coloured in 
various wa3rs. The shapes and relations of the resulting 
"intrusions” revealed some interesting features. It was 
shown that the more viscous the “ magma ” the greater the 
vertical as compared with the lateral extent of the intrusion 
produced ; and conversely, the thinner the magma, the more 
sill-like the intrusion. Increasing viscosity during intrusion 
intensified the effects of stiff magmas, and bysmaliths or stocks 
were produced rather than laccoliths. Excessive speed of intru¬ 
sion led to the same development. 

The intrusion mechanism of large dykes, as exemplified by 
the Medford dyke in Eastern Massachusetts, has been studied by 
M. P. Billings (Joum. Geol., 88,1925, pp. 140-50). The Medford 
dyke is associated with cross-dykes belonging to at least seven 
systems. Detailed mapping shows that these dykes have not 
iJeen offset by the intrusion of the big dyke, as they should 
have been had its intrusion taken place by the rending apart 
of the walls of a fissure. This suggests that the Medford dyke 
made room for itself by some process of stoping ; and, since 
piecemeal removal of the country rock is not a satisfactory 
solution, the hypothesis of large-scale block stoping is put for¬ 
ward. The whole mass of rock displaced by the dyke is believed 
to have sunk downwards en masse in the rising basaltic 
magma. 

Vulcanology .—In a fine detailed study of the Vesuvius erup¬ 
tion of 1906, illustrated by many magnificent plates, Mr. F. A. 
Perrett (Cam. Inst. Washington, Publ. No. 339, 1924, 151 pp.) 
emphasises the cyclical nature of eruption at this focus. There 
is an accumulation of energy during a long repose period, 
followed by its paroxysmal release in a short eruptive spasm. 
Thus there was a gradual rise of the lava column prior to the 
1906 eruption. A highly gas-charged, potentially-explosive 
magma develops deep down in the closed conduit, and eruption 
occurs when some factor disturbs the state of equilibrium which 
obtains. The fissuring of the south wall of the cone " pulled 
the trigger ” of the 1906 eruption by permitting the escape of 
the uppermost mi^matic layers, and releasing the mcplosivie 
magma below. 
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The actual eruption is divided by Perrett into three phases : 
the initial luminous lava phase, the intermediate gas phase, 
and the final dark ash phase. The second of these phases is 
described as a continuous powerful emission of gas, like a 
boiler “ blowing off,” which lasted for many hours, and produced 
a column of vapour 11 kms. high. 

Many other interesting features are described, including the 
fluent lava and its various forms ; the solid ejectamenta ; hot 
avalanches of volcanic sand at high temperatures ; the subse¬ 
quent degradation and collapse of the crater ; and the actual 
refusion of old lava by new magma. 

The explosive eruption of Kilauea in May 1924 is described 
by T. A. Jaggar and R. H. Finch {Amer. Journ. Set., (5), 8, 
1924, pp. 353-74). Since 1920, the culminating year of the 
present “ nine year cycle,” there has been a decline in intensity 
punctuated by strong collapses at the Halemaumau lava pit. 
Subsidences of the lava were phenomenally strong in November- 
December 1919 and May 1922, the latter leading to enlargement 
of the pit, and extraordinary avalanches resulting in cauliflower 
clouds of sand and dust. Similar collapses in May 1924 were 
on a still greater scale, and were accompanied by explosions 
throwing out broken rocks. Some wonderful photographs of 
the clouds are given. These eruptions form a remarkable 
repetition of the 1 790 explosions at Kilauea, which, on account 
of the 130-year interval discerned by Omori, Wood, and Jaggar, 
have led the Hawaiian investigators to watch the years about 
1920 with especial interest. 

During an interval of twenty-eight days in July-August, 
1919, an almost continuous series of observations of the height 
of the lava in the Halemaumau pit was secured by E. W. 
Brown under the direction of Dr. T. A. Jaggar {Amer. Joum. 
Sci., 9 , 1925, pp. 95-112). The analysis of the figures obtained 
shows some evidence of tides with the periods of the lunar 
day and half-day, with double amplitudes of an inch or so. 

In a paper on the earth movements accompanjring the 
Katmai (Alaska) eruption of 1912 {Joum. Geol,, Zi, 1925, 
pp. 116-39, 193“223), Dr. C. N. Fenner shows by analysis 
of seismometer records of stations over the whole northern 
hemisphere that tectonic earthquakes must have taken place, 
as well as volcanic quakes of some severity which are indicated 
by rock slides, etc. Distinct shocks were felt at points one 
hundred miles from the volcano. If these were volcanic 

a uakes they would have been of extraordinary severity withiii 
tie central region, but there is no evidence of this. It is only 
rarely that eruptions, large or small, are accompanied by 
tectbnic earthquakes. 

The oiigin of the fissures and faults in the Valley of Ten 
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Thousand Smokes, whi^ gave rise to the great pyroclastic 
sand flow of that region (Science Progress, April 1924, 
p. 541) is discussed. It is believed that they were caused by 
the intrusion of a magma in the form of a sill at a small depth 
below the valley floor. 

Eric Hiilten describes the eruption of a small Kamtchatkan 
volcano (Ksudatch), said to have taken place on March 28, 
1907, which threw out such a quantity of yellow pumice as to 
convert 250 sq. kms. into an absolute desert, and the dust of 
which was noted 600 kms. distant from the source (Geol. F 5 r. 
Stockholms Fork., 46 , 1924, pp. 407-14). The amount of 
material erupted in the form of pumice, ash, and dust is 
estimated at 3,000 million cubic metres. Hence this must be 
accounted as one of the largest known ash eruptions. 

Certain atmospheric phenomena in 1907, such as the 
increase of twilight glow, the appearance of Bishop’s ring, the 
dislocation of the neutral points of the sky, and the decrease 
of sunlight, as well as the remarkable night-clouds and “ white- 
nights ” of 1908, are attributed to the presence of dust from 
Ksudatch in the atmosphere. 

Prof. R. A. Daly’s memoir on the geology of Ascension 
Island {Proc. Amer. Acad. Arts and Set,, 60 , 1925, pp. 1-80, 
at pis.) gives many new vulcanological facts regarding that 
island. He estimates that there are no fewer than sixty vents 
of basaltic or trachytic composition. The basaltic lava masses 
and vents are classed as exogenous lava domes, fissure erup¬ 
tions, lava cones, composite cones, and p3rroclastic cones ; the 
trachytic masses fall into two groups, endogenous domes or 
crater-fillings, not visibly affected by axial subsidence, and 
similar masses deformed by axial subsidence. He also makes 
some interesting observations on the modes of flow of basaltic 
lavas. Downstream, the “ plastic-solid ” crust is deformed by 
folding and thrusting over the still liquid interior of the flow ; 
upstream, the crust is rent apart, causing wide rifts, at the 
bottom of which is the surface of the vitreous central part, 
showily a characteristic dentated surface of scission. As at 
Vesuvius (1906) streams of hot fluent lava have worn pronounced 
channels or gutters, often a metre in depth, in the older rocks. 

Prof. Daly has also described some vulcanological features 
in his account of the geology of American Samoa {Publ. No. 
340, Cam. Inst., Wamington, 1924, pp. 95-143). The main 
island, Tutuila, is structurally an elongated exogenous dome 
essentially consisting of basalt lavas, which appear to have 
been emitted from fissures and from central vents aligned on 
the fissures, running nearly parallel to the long axis of the 
island. There are five smadl plugs of trachytic rocks, a small 
neck of mafic gabbro, and numerous basic dykes piercing the 
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basalt lavas, which are predominantly of the blocky or aphrolith 
type. 

A discussion on the temperatures of hot springs, and the 
sources of their heat and water supply was held at the annual 
meeting of the American Geophysical Union in April 1923 
(Journ. GeoL, 8S, Nos. 3-6, 1924). It is not possible to mention 
even the titles and authors of the numerous papers given ; 
but R. B, Sosman has contributed a very useful summary of 
the discussion {Journ. GeoL, 88, 1924, pp. 468-71). It was 
shown that chemical reactions, such as can be inferred from 
the composition of spring waters, cannot account for more 
than a very small proportion of the heat. Neither can radio¬ 
activity. Adams and Morey, however, showed that heat may 
be developed by the forced flow of a fluid or steam through 
a porous plug ; but data are lacking to show to what extent 
this action is operative in supplying heat. There was general 
agreement that the source of the heat in high-temperature 
springs and fumaroles is in sub-crustal rock magma, but the 
question as to how the magmatic heat becomes localised was 
perforce left open. It was also shown that the amount of water 
which may be dissolved in a batholithic magma may be suffi¬ 
cient to supply small hot springs for hundreds of thousands 
of years without any additions of surface waters. The con¬ 
ditions of crystallisation in such a magma might yield water 
vapour under considerable pressure. 

BOTAmr. ByE. J. Salisbury, D.Sc., F.L.S.. University College, London. 
Ecological. —The r 61 e of wind in relation to the distribution of 
arborescent vegetation is considered by Szymkiewicz {Ada 
Soc. Boi. Polon., ii, 2). Data is furnished to show that high 
winds, combined with low temperatures, are incompatible 
with the growth of trees, and that such vegetation is replaced 
by tundra, heaths, etc,, where there are glacial winds of 
a mean speed of 6 metres per second or upwards at a height 
of about 10 metres* above the soil level. The changes in 
direction of the tree limit are attributed to this factor, as also 
the North Grerman heaths. 

A large number of cultures of wild species from different 
habitats have been made by Turessen, who finds that the 
races remain distinct when growing side by side under the 
same conditions. Thus, prostrate races from calcareous soils 
(ecotypes) are described for Artemisia campestris, Rumex 
aeetosella, Silene maritima, etc. {Hereditas, vi, 1925). The 
view adopted is that the habitat effects a selection of the most 
favourable mutants. These latter become zoned in relation 
to climatic conations so that different ecotypes inhabit the 
diierent climatic regions, and hence the potentiality for the 
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development of derived ecotypes is also different. Hds is 
how the author explains the fact that alpine ecotypes are 
found in Scandinavia of Melandrium mbrum, Ranunculus a^r, 
Ruimx acetosa, and Geum rivale, but are not present in the Alps. 
Similarly, it is suggested, types may have been produced in the 
past geological periods, which once lost cannot reappear. 
The author proposes the use of terms such as oecotypus alpinus 
OBct. arenanus to designate the parallel races of different 
species, thus avoiding the multiplication of varietal names. 

From statistical studies of pollen from a number of localities 
in Ireland, Scotland, and Sweden, Erdtman finds that in the 
older peat of each of these areas there is a dominance of pine 
pollen (Sweden 6i per cent., Ireland $8 per cent., Scotland 30 
per cent.) and birch pollen (Scotland 60 per cent., Sweden 
30 per cent., Ireland 26 per cent.). Next in order of frequency 
comes the hazel (8 per cent, in all three regions), whilst ^ercus, 
which attains 6*2 per cent, in Ireland, only constitutes 2*6 per 
cent, in Scotland. The alder ranges from 4*7 per cent, in 
Scotland to 5*5 in Sweden and 9*3 in Ireland {GeoL Foren. 
Forhandl. Bd. 46, p. 676). 

The Hydrogen-ion concentration of the soil in a large 
number of stations for each of several species has been deter¬ 
mined by Salisbury {Jour. Ecology, January 1925). When the 
values are plotted against frequency the “ curve ” for 
each species shows an approximation to a normal curve, but 
where the range extends over the neutral point a bimodal form 
is exhibited. The values for the modes are characteristic 
for the species, and in general the stations corresponding to 
extreme values are locations where the species is rare and the 
individuals less vigorous. The importance of soil reaction as 
a habitat factor is pointed out, producing as it does not only 
direct effects, but also largely determining the solubility of 
toxic salts of iron and aluminium. Attention is drawn to the 
inadequacy of any ratio of bases to explain the relations 
exhibited. 

The results of a study of seventy-eight Sphagnum bogs 
on the Pacific coast of North America are described by G. B. 
Riggs {Ecology, July 1925). Their altitude varies from sea- 
level to 6,000 feet, and the depth of the peat from i to 30 feet. 
The most frequent Phanerogams are Oxycoccus oxycoccus and 
Drosera roiundifolia, but in addition mention may be made 
of the follovring as of special interest from their occurrence 
also in British Sphagneta : Empstrum nigrum, Androrttsda 
polipolia, Myrica g^e, Vaccinium vitis’idcea, Rubus chanumnoms, 
Comarum paluslre, and Pinguicula vulgaris. The presence 
dead conifers on the extending margins of these bogs, of stumps 
in the peat, and the encroaclment of the bogs on the swamps 
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«n» all consistent with the replacement of Forest by Sphagnetum 
owing to clogging of the natural drainage channels. In the 
iame number A. B. Klugh describes a new method of esti¬ 
mating light intensity by means of panchromatic plates 
exposed beneath a graded set of filters, which transmit different 
percentages of light without appreciably altering its special 
composition. 

M. Denis (^nn. d. Set. Nat. Bot., T. VII, No. i), writing of 
the ponds in the Forest of Fontainebleau, states that all the 
available evidence shows that this area was more humid formerly 
and that the ponds were once more numerous—a conclusion 
identical in character with that arrived at by the reviewer from 
a study of the changes in the Flora of Hertfordshire {Trans. 
Herts. N.H.S., 1924). It is indeed probable that further re¬ 
search will show that Northern Europe in general has experi¬ 
enced a decrease in humidity. The water of the ponds described 
by M. Denis is slightly acid {pH 6*0) with only minute traces 
of Calcium. Sphagneta, as might be expected, are common, 
and are distinguished by the presence of an Algal association 
of widespread occurrence in Europe and characterised by the 
presence of Micrasterias truncata and Frustulia saxonica 
{Vanheurckia rhomboides v. Saxonica). The successive zones 
of vegetation from the centre to the margin of these ponds are 
respectively dominated by Potamogeton natans and P, poly^ 
gonifoUus ; Glyceria fluitans and Juncus supinus ; Heleocharis 
palustris ; Carex rostrata ; and Molinia caerulea. It is of interest 
to note that Pilularia globulifera, Elisma ranunculoides, 
Alopecurus fulvus, and LitoreUa lacustris are amongst the 
species regarded as characteristic of the Heleocharetum, 
whilst a Cicendietum is distinguished in which Scirpus setaceus, 
R^iola linoides, Limosella aquatica, Centunculus minimus, and 
Cicendia pusilla are characteristic. 

Knudson, in a recent paper {Bot. Gaz., June 1925) describes 
experiments on Orchids, grown in organic media from seed, 
from which he concludes that the fungus is pathogenic, and only 
important for germination on account of the changes in the 
environment which it effects, notably by rendering the medium 
acid and converting organic material into an available form. 
It is claimed that Pytkium was as effective in stimulating 
germination as Rhizoctonia. 

Cryptogamic. —Under the title " New British Bryophytes ” 
Dixon and Nicholson in the May Jour. Bot. record the occur¬ 
rence of Grimmia andreeeoides, an alpine moss of Centnd 
Europe; Webera calcarea ; from the Lizard the Dalmatian 
> FoMombfonia loittesbereeri and the Mediteiranean CongyUmihus 
; and Ce^akma compacta from Yorkshire. In 
llte same number Watson describes new species of Sttnoeyhz 
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and Clathropofina, the former from Llanberis, the latter frcnh 
Gloucestershire and Derbyshire. 

In the Annals of Botany for April Hanna contributes an 
interesting paper on sex in Coprinus lagopus. The conclusion 
drawn from the examination of both English and Canadian 
material is that all strains are heterothallic, as in Coprinus 
fimeiarius (Bensande, 1919). Kniep, in 1919, showed that in 
the heterothallic Schizophyllum commune, fruit bodies might 
be produced from a mycelium derived from a single spore, in 
which case all the spores of the fruit body are of one sex, 
and this appears to be true also for C. lagopus. Hanna finds 
that the spores are normally of four kinds, and the paired 
sexual characters segregate on Mendelian lines. Designating 
these by AB, aB, Ab, and ab, only those mycelia will apparently 
fuse in which there is no common factor, i.e. AB-ab or Ab-aB. 
In the same number Bagchee describes in detail the nuclear 
changes in the Ascomycctous fungus Pusiularia bolarioides. 
In a further contribution on the Entomogenous fungi Fetch 
describes new species belonging to Cephalosporium from this 
country and Ceylon, also species of Gonatorrhodiella, Ascher- 
sonia, Eriothyrium, Pyrenochaeta, and Muricularia {Trans. Br. 
Mycol. Soc., May 1925). In the same journal Miss Lorrain 
Smith gives a rdsum6 of recent work on the Lichens, and 
A. W. Exell describes the structure of the hymenium of 
Stereum purpureum, S. hirsutum, and S. sanguinolentum. In 
each the hymenium consists of branched hyphae, the termina¬ 
tions of which are regarded as all being potential basidia, 
and in the last two species thick-walled h3T)hae occur in addition, 
which are unbranched and possibly conductive in function. 

Genetics and Cytology. —R. N. Salaman, in the Journal of 
Genetics for July, describes crossing experiments with “ muta¬ 
tions ” of the dark purple “ Arran Victory ” Potato, which, 
were characterised by particoloured or almost colourless tubers. 
Reduction in tuber pigmentation appears to be accompanied 
by a similar diminution in the pigmentation of the stem and 
in the number of ovules bearing the character for pigmentation. 
In the same journal M. B. Crane deals with self-sterility and 
cross-incompatibility in plums and cherries, from which it 
appears that some other factor is involved besides the slow 
g^wth of the pollen tube. 

Tmesipteris tannensis, according to the observations of 
J. S. Yeates {Proc. Roy. Soc. B., 689) has a maximum number 
of three nucleoli in the gametophytic nuclei and six in the 
sporophytic, whilst the diploid number of chromosomes is 
two hundred. Beer recorded similar numbers in Equisetum 
arvense, where the chromosome number is 115. A table of 
data is furnished showing that in general high chromosome 
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itHtaiben and several nudeoli are associated, and the view is 
taken that the nudeoli are products of chromosome metabolism. 

Pkamrogams. —^M. Hacquette, in the Bull. Soc. Roy. Bot. 
Bolgiqua (p. 166, 1925), enumerates some introduced species of 
Northern France. Amongst these it is worthy of note that 
Elodea canadensis, Polygonum cuspidcUunt, Claytonia perfoliata, 
Lepidium draba, Geranium pyrenaicum, Veronica toumfortii, 
and Matricaria suaveolens are increasing, as is also the case in 
Britain. Amongst the species which are stated to be de- 
creasii^ may be noted Phalaris canariensis, Silene gallica, 
Camelina saliva, Hyoscyamus niger, and Linaria supina. 

In describing thirteen new species of the Rhizophoraceous 
^enus Cassipourea \n the Kew Bulletin (No. 6, 1925), Alston 
indudes the genus Weihea of Sprengel and Dactylopetalum of 
Bentham as sub-genera. Members of all the four sections of 
the genus occur in Western Africa, which would appear to have 
been its original home, whilst in Central America members of 
the sub’^enus Cassipourea have alone been found. 

From a study of the past and present distribution of the 
Ma^oliacese R. D. O’Good {Ann. Bot., April) agrees with 
earlier writers in regarding tne present distribution as the 
result of migration etuorced by the Pleistocene dimate, and the 
view is adopted that age has played little part in determining 
their area. 


SOOIAOT. By Rscihald Jamss Lodpord, Ph.D., B.Sc., Univexaity 

College, LonMn. 

The Plankton of the Clyde. —S. M. Marshall has made a survey 
of the plankton of the Firth of Clyde. Tow-nettings were 
taken almost every day, over a period of two years. The 
succession of forms throughout the year is similar to what has 
been recorded at other British Marine Biological Stations. 
The spring diatom maximum, however, appears to come earlier, 
and the aununer months July and August are relatively richer 
in diatoms, compared with Plymouth and Port Erin. The 
peridinian maximum occurs later on the Qyde than elsewhere. 
A distinguishing feature of the Clyde winter plankton is the 
wesence of considerable numbers of radiolarians {Proc. R.S.E., 
m, 1925). 

Metabolism of DinoflagelkUes ,—^Amongst marine plankton 
the Dinoflagellates are second only to diatoms in abundance, 
and are of considerable economic importance owing to their 
aendng as sources of food for other organisms. Little is known 
of thcw metabolic processes, but the work that has been done 
an this jffoup has raised many intoesting problems. Recently 
1« Ei. Jckuce has investifated the relationship between the 
dhSme aalkd^ M the sea-water and the process of photo- 
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srathesis in Ampki^nium htfdmani, one of tlie more ab^dant 
snore>living Dinofiagellates in the Port Erin area. Experiments 
showed that the organisms, when suspended in water and 
exposed to diffuse daylight, were capable of assimilating free 
carbon dioxide, at all salinities, from that of normal sea-water 
down to practically fresh water. The rate of assimilarion, 
however, was low when the salinity was outside an optimal 
range, and Bruce suggests that under these conditions Amphi- 
dinium may function, facultatively, as a heterotrophic organism. 
Salinity is also one of the factors in the distribution of this 
organism, and where It occurred in great profusion the degree of 
salinity of the water was found to be witWn the optimum found 
for carbon assimilation (Brit. Jour. Expt. Zool., 8 , 1925). 

The Lipoid Excretion Apparatus of Protozoa .—In the 
infusorians, Chilodon and DogUleUa, D. Nassonov finds the 
lipoid excretion apparatus is in the form of a ring, of irregular 
contour, while In some cases the ring is open. This form of 
the excretory organ is regarded as more like the Golgi apparatus 
of the metazoan cell than the cases previously described. Two 
phases can be recognised during excretion in the protozoan 
cell, corresponding to stages in secretion in gland cells. Water 
containing dissolved substances first appears in the form of 
droplets in the lipoidal substance constituting the ring-like 
excretory organ, then the small drops flow together and collect 
in the centre of the ring so as to form a pulsating vacuole, 
which, except for the surrounding apparatus, lies free in the 
cytoplasm. The ring-like form of the excretory organ of the 
protozoa, described in this paper, bears a striking resemblance 
to the form of the Golgi apparatus in many metazoan cells 
(Zeit. fUr Zellforschung, und Mikr. Anat., 8 , 1935). 

ParanujBcium .—From observations and experiments J. T. 
Saunders considers that the trichocysts of Paromcedum are 
threads, by means of which it adheres to surfaces. Probably 
pressure, caused by colliding with an object in the water, 
causes the extrusion of the trichocysts, which then adhere 
because their tips are sticl^. The rate at which Paramatckm 
moves is dependent upon ciliary activity, and this is influenced 
by the pH of the water, so that, since a sufficient force of 
compact is necessary for extrusion of the trichocysts to occur, 
the pH of the water is a controlling factor in the functioning 
of the trichoc3rsts as organs of adhesion (Proc. Comb. Phil. 
Soc., 1 , 1925)" 

It has been found by H. M. Fox that light influences the 
vertical movements of Paramctcium and echinoid larvae, in a 
similar manner to what has previously been described in the 
case of, Arthropods^ Under cotain environmental condSlioot 
these oiganuuns swim downwards in light| and upwe^ ^ 
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dirimess. Ultra-violet ra]r 3 produce the most marked results 
(Proe. Comb. PhiL Soc,, 1, 1925). 

Yolb Formation .—The origin of yolk in the egg-cells of the 
various groups of animals presents interesting variations. 
During odgenesis in scorpions, according to V. Nath, there are 
two kinds of yolk formed in some species, and in others only 
one type. In Euscorpius napoli and Buthus judaicus nucleolar 
extrusions occur, and are followed by the appearance of yolk 
in the cytoplasm. Yolk also arises by the transformation of 
Golgi bodies. By centrifuging the oocytes of Euscorpius these 
two kinds of yolk can be completely separated. The yolk of 
the odcyte of Palamnaus is believed to be derived from the 
Golgi bodies by a process of fatty degeneration {Proc. R.S., 
98 , 1925). L. A. Ha^ey strongly criticises the view that the 
Golgi bodies give rise to yolk. He studied yolk formation in 
the ovary of the common earthworm. The so-called yolk- 
nucleus was found to be a mass of mitochondria. No visible 
nucleolar extrusions into the cytoplasm were observed, nor 
was there any direct metamorphosis of either mitochondria, 
or Golgi bodies into yolk. Harvey considers that the yolk of 
the Lumbricus egg arises from the ground cytoplasm {Q.J.M.S., 
89 , 1925). 

Primitive Form of Mitosis in the turbellarian Stenostomum .— 
A form of mitosis dosely resembling that occurring amongst 
the Protozoa has been described by C. Stern in epidermal 
cells of the turbellarian Stenostomum. Both the centrosomes 
and chromosomes appear to arise from the karyosome. The 
chromosomes become arranged about the equator of the spindle, 
and divide into the two daughter plates in the typical manner; 
but the special feature of this mitotic process is that it goes 
on inside the nudear membrane. Finally, the nucleus divides 
into two parts, without any dissolution of its membrane having 
occurred (Zeit. fiir Zellforschung und Mikr. Anat., 2, 1925). 

The Reproductive Processes of the Earthworm .—^Although the 
earthworm is the subject of universal study on the part of 
students, reference to the textbooks shows that a considerable 
difference of opinion exists as to the nature of the reproductive 
processes in this animal. A. J. Grove has, therefore, reinvesti¬ 
gated this problem, and records direct observations on sexual 
confess, supplemented by the study of histological sections of 
earthworm fixed during the reproductive act. Grove's paper 
also contains an account of the structure of the ditellum, and 
tome not^ on the contents of the spermothecae {Q.J.M.S., 

«; 1925). 

Bidder’s Organ. —K. Ponse has confirmed in a striking 
nuumer the view that Bidder’s Organ represents an abnomw 
structure. After castrating n^e toads he fduiul 
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tbftt their Bidder’s organs assumed the function of dvad^. 
Further, he succeeded in bringing about sexual congress 
between such animals and normal males. The fertilised eggs 
were found to give rise to normal tadpoles (Compt. Rend., tt, 

1925). 

Sex and Rejuvenation in Birds. —Sixteen cases of pigeons 
without a discoverable trace of gonadal tissue have been 
described by O. Riddle. Despite the absence of testicular 
tissue some of the birds developed characteristically masculine 
behaviour. It is believed that such failure of gonad develop¬ 
ment is a consequence of the failure of all the primordial germ- 
cells to reach the anlage of the germinal ridge {Brit. Jour. 
Expt. Biol., 2 , 1925). A further contribution, pointing to the 
fact that the physiological action of the testis in birds is 
different from that in mammals, has been made by F. A. E. 
Crew. This investigator performed unilateral vasoligation in 
old fowls, and found no indication of rejuvenation such as 
follows the same operation on mammals. In another series 
of experiments Crew administered desiccated thyroid to aged 
fowls of both sexes. Definite rejuvenation effects followed. 
Cock-feathered cocks, when so treated, assumed a plumage that 
was distinctively hen-like. It is suggested that “ the effect of 
gonad on plumage is not direct, but that it is secondary to the 
effect of gonad on thyroid ” (Proc. R.S.E., 66, 1925). 

Embryology of the Fowl, (r) Origin of Germ-cells. —J. H. 
Woodger has investigated the origin of germ-cells in the fowl 
by means of study of the Golgi bodies of chick-embryos. He 
enteitains no doubt about the continuity of the primitive 
germ-cells of the genital ridge with those of the splanchnic 
mesoderm of earlier stages. The latter are derived from large 
cells in the blood-stream of earlier embryos. Such cells seem 
to arise from the germ-wall endoderm, in front of the primitive 
streak. There is some cytological difference between the 
cells in the blood-stream and those of the germ-wall endoderm. 
Woodger believes, however, that the assimilation of yolk, 
accompanied by the grouping of the Golgi bodies in the cells 
of the germ-wall endoderm, would bring about the conditions 
found in the cells of the blood-stream {Q.J.M.S., 00 , 1925). 

(2) Development of Neurones. —The scattered reticulate form 
of the Golgi apparatus is characteristic of neurones. A. 
Subba Rau and R. J. Ludford find, however, that in the spinal 
l^nglia of the chick of four days’ incubation the Golgi apparatus 
IS in the form of a cluster of granules or rodlets, grouped around 
the centrosphere, at one side of the nucleus. At a certain 
period, which varies in different neurones, the apparatus 
hypertrophies and spreads out in the cytoplasm, givu^ rise 
to the reticulate form; The medulbury cells of the suprarenal 
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Ijodyi which are derived from the central nervous S3rstem, 
have the apparatus in the juxta-nuclear compacted form 
similar to the cells of the spinal ganglia at the early stages of 
development (Q.M.J.S., 69 , 1925). 

Hypertrophy arid Regeneration of the Ovary. —C. G. Hart¬ 
mann removed one of the ovaries from each of a number of 
female opossums. This operation was followed by a compen¬ 
satory hypertrophy of the remaining ovaries, which was found 
to be due to an increase in the number of Graafian follicles 
(Amer. Jour. Anat., 85 , 1925). Experiments performed by 
C. B. Davenport indicate that after complete removal of the 
ovaries of mice new ovaries may be regenerated. Every 
precaution was taken to completely remove all traces of the 
ovaries, yet in nearly two-thirds of the animals experimented 
upon, ovaries of smaller, or larger size were found after an 
interval of a few weeks or months. It may be concluded, 
therefore, that under favourable conditions ovaries " majr 
regenerate de novo from the old stalk or even from the peri¬ 
toneum of the adult mouse ” {Jour. Expt. Zool., 48 , 1925). 

EVTOMOLOOT. By J. Davidson, D.Sc., Rothamsted ExpeiimentU 

Station, Harpcnden. 

General Entomology. —J. D. Dobroscky {Biol. Bull., 48 , 274- 
82) has some general notes on the external parasites of birds 
and the fauna of birds’ nests. R. W. G. Kingston, in a book 
entitled Nature at the Desert’s Edge (London : H. F. and G. 
Witherby, 1925, 299 pp. Price 155. net) deals with the 
observations made during a summer spent at an oasis in the 
vidnity of Bagdad : six chapters are devoted to insects and 
spiders and make very interesting reading. L. O. Howard 
{Ann. Entom. Soc. America, 18 , 1-21) gives a general account 
of the value of entomology as an applied science. A General 
Text Book of Entomology by A. D. Imms (London : Methuen & 
Co., Ltd., 192s, 700 pp. and 607 figures. Price 36s. net) is an 
excellent up-to-date work on the subject. A great deal of 
material which has not hitherto appeared in textbooks is to be 
to be found in this volume, and the research worker and the 
teacher will find it a valuable book of reference. A paper, 
dealing with certain aspects of the applied side of Entomology, 
is by S. A. Neave {Empire Cotton Crowing Review, London, i. 
No. 3, 191--S) on the work and organisation of the Inmdim 
Bureau of Entomology. A handsome memoir from the Liv^- 
pool School of Tropic^ Medicine entitled, A Guide to the Study 
of Tsetse Flies (Liverpool: The University Press, Ltd., 1925* 
JPirice 20s. net) by R. Newstead is an important contribution 
to thje bionomics of tsetse flies, being the results of the autbcHr'a 
Invoa^tj^tions dwit^ the past twenty years. C. H. Richardson 
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{Ihpt. Agrk, U.SA., 1925, BuU„ 1324) deals with the ovlposl- 
tion response of Insects. The desire to feed and to lay ^:gs ai« 
the two chief influences which result in insects being attracted 
to certain materials. There is a definite precision on the part 
of many insects as to where the eggs are to be laid. The author 
discusses the various stimuli which affect the oviposition 
response. 

Orihoptera. —J. H. Bodine {Biol. Bull., 48 ,79-82) ascertained 
the hydrogen-ion concentration of the blood of seventeen 
species of grasshoppers by means of appropriate indicators, and 
found the average pH to be 6*8. The same author {Jour. Exper. 
Zool., 88, 413-21) has estimated the amount of CO, given off 
by grasshoppers which were placed under the Influence of an 
anaesthetic. Ether produced a marked change in the CO, 
output. It was observed that the respiratory movements were 
the first signs of the insect recovering from the anaesthetic, 
followed by those movements controlled or inhibited by the 
brain, and finally the brain itself. D. Voinov {Arch. Zool, 
Exper. el Gen., ^ 437-523) gives a detailed account of the 
cytologfv of the sexual elements in Gryllotalpa vulgaris Latr., 
and indicates three different forms of the ^ecies, each form 
having a different chromosome complex. The occurrence of 
mites In the tracheal system of certain orthoptera is interestii^; 
In view of the importance of the acarine disease of the honey¬ 
bee, due to Acarapis woodi, discovered by Rennie In 1921, 
,L. P. Wehrle {Ann. Entom. Soc. America, 18 , 35-44) discusses 
the presence of a tarsonemid mite Locustacarus trachealia 
£wii4; (1924), which inhabits normally the tracheal s^tem of 
the adult females of two species of grasshoppers. The mites 
occur in the principal tracheae and air-sacs of the head and body 
and infestation may be slight or severe, but the method of 
infestation is unknown. It is suggested the mites may enter 
through the large thoracic or abdominal spiracles. All stages 
of the mite may be found in the same host. 

ColeopUra. —further volume on The Fauna of British Indittp 
Cokoptera by P. J. Arrow (London : Taylor and Francis, 1925, 
416 pp.) deals with 354 species belonging to the J^ofytida, 
jLanptriidee, and Endomyckidee. J. K. Breitenbecker (BioC 
Bull., 48 , 166-70) describes an apterous mutation in Bruchw* 
A study of the movements of larvae of the Limacodidae has beeai 
made by W. J. Crozier {Jour, Exper. Zool., 88, 323-9): these 
larvae have curious creeping movements and In four genera 
studied, proles^ were found to be absent and the thoraoc legs 
much reduced; they creep by means of waves of muscular 
activity, which resemble those seen on the pedal surface of 
diitons and gastropods. W. S. Fisher {Proc. U.S.A. Nat, Mtts*, 
65, Art. 9,1-207), in a revision of the West Indian BuprestidiB^ 
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with ag genera and 107 species. Interesting notes on 
ti^ leaf-mining habits of certain beetles are given by S. W. 
Frost (/ 4 n». Eniom. Soc. Amer., 17 , 457-67), a synopsis of Ae 
leaf-mining Coleoptera of the world, and the host plants which 
they mine being included. C. C. Hamilton {Proc. U.S.A, Nat. 
Mus., 86, Art. 17, 1-87) has a paper bn the moiphology, taxo¬ 
nomy and ecology of the larvae of the holarctic Cicindelida. 
In continuation of previous work published in 1911, R. Jeannel 
^Arch. Zool. Exper. et Ginirale, 68, 1-436, 498 hgs.) has an 
important monograph on the Bathysciinae group of the Silphida; 
the members of this group are located chiefly in southern and 
eastern Europe, and there is only one British representative, 
Adelops woollastoni Janson, which is here placed in the genus 
Parabathyscia. R. Kleine {Indian Forest Records, Entom. Ser., 
11, Pt. r, 1-48) deals with the Brenthidae, which is an important 
group in relation to forest trees in India ; several new forms 
from India are described and a synoptic key to the genera Is 
given. In the same publication (Pt. z, 1-18) C. F. C. Beeson" 
gives some biological notes on the family. 

The value of the aeroplane as a means of applying insect 
poisons over large areas, which first came to the notice of the 
public in 1921, is now definitely established in America as a 
commercial success, and G. B. Post {Georgia State Coll. Agric, 
Bull., 301) gives an account of the use of the aeroplane in the 
control of the boll-weevil of cotton. W. Schultze {Philippine 
Jour. Science, W, 131-309) in part 3 of his studies on the Pachyr- 
rhynchid group of the Curculionidce, deals with the genera 
Apocyrtidius Heller and Metapocyrtus Heller. 

Lepidoptera. —J. H. Gerould {Genetics, 8, 495-551) has a 
paper on the inheritance of the white wing colour in the Pierid 
butterflies Colias philodice and C. eurytheme ; there are two 
types of females in these species, one t3rpe having yellow winn, 
resembling the male, and another type with white wings ; the 
former is recessive to the white-winged form, being differentiated 
by a single pair of factors ; the white wing colour appears to 
be a sex-controlled character (Goldschmidt), its appearance 
being inhibited by the development of the male characters; 
it is latent in the male and revealed in the female. L. B. 
lUpley {Illinois Biol. Monographs, 8, No. 4) gives an account of 
the external morphology and post-embryology of Noctuid 
larvae. A detailed account of Tortrix pronubana Hb., especially 
with reference to the larval and pupal stages. Is given by R. C. 
Fishor {Ann. Appl. Biol. U, 395-447); this moth has beem 
found in large numbers on plants in glasshouses at Kew Gardei^ ; 
two generations occur in the year, the summer one emerging 
from the eggs laid in spring, and a winter one emerging from 
eafigs Ifdd in auttbEim, 
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Owing to the heavy infestation of spruce forests in Boheniii 
^ the nun moth, J. Komarek and V. Breindl {Zeitschr. angufr, 
Eniom. Berlin, 10. No. i, 99-162) have made a study of 
polyhedral disease of this moth, with a view to seeing whether 
It can be used as a method of control against its destructive 
caterpillars : the causal agent of the disease resembles the micro* 
organisms called ckhmydozoa by Prowazek, the polyhedral 
bodies being the final stage in the cycle of these organisms: 
infected caterpillars die and decompose, setting free the poly¬ 
hedral bodies, which are deposited on leaves, etc., and are then 
taken into the stomach by the caterpillars feeding on the leaves : 
the intestinal cells are not affected and therefore do not form 
polyhedral bodies, so that the excreta is not normally infective. 
The second part of the catalogue of type specimens of Lepi- 
doptera Rhopalocera in the British Museum, by N. D. Riley 
and A. G. Gabriel, deals with the Danaidae, i ,200 species being 
listed, together with type localities. Some interesting observa¬ 
tions on the early larval activities of the aquatic Nymphula 
maculalis Clemens are given in a paper by P. S. Welch (Ann. 
Eniom. Soc. America, 17. 395-402); the larvae, hatching from 
en masses laid on the lower surface of floating leaves of the 
yellow water-lily, sink to the bottom and feed on the tender 
submerged leaves: during practically the period of the first 
two larval instars, the insect remains at the bottom, but after 
that it migrates to the surface, where it spends the remainder 
of its larval life. 


Hemipiera .—^The mouth parts and mechanism of suction 
in Hemiptera have received attention from several workers of 
recent years, and a paper by F. Brocher (Ann. Soc. Eniom. d* 
France, M. 55-66), contains an anatomical and physiological 
study of the mouth parts of the early stages of PsylUt pyrisuga 
Fstr. An important monograph by W. L. MacAtee and J. R. 
Malloch (Proc. U.S. Nai. Mus., ®7, Art. i, 1-153), deals with a 
revision of the sub.-fam. Ploiariinse (Reduviidse). H. Morrison 
(Jour. Agric. Res., 80. 97-1 54) gives an account of the scale insects 
of the sub.-fam. Ortheziinae: this noup has a wide distribution, 
and includes several ^species, whidi are injurious pests ; many 
of the forms are interesting on account of their beautiful 
superficial appearance, due to the plate-like tufts of waxy 
secretion. In 1902 Wassman erected the genus Termitapkis for 
an insect which was thought to be an aberrant aphid ; lata*, 
eight other allied species were discovered, and J. G. Myers 
(Psyche, 81. 259-78) now describes a new genus, Termiiaradmt 
n*om Panama: the systematic petition of the family is #1* 
cussed, a new family name, Temntaphididai, bei^ 

J. Szab6-Patay (Ann. MmoiNoHmedis Hungarici, Budapest,, 
1924,81) describes the structure and function of the res|»];at(^ 
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ffUfMiratus of Aphelockinua : it appears that this water~bug 
mat not come to the surface to breathe, being able to extract 
Ofxygen from the air dissolved in the water, by a peculiar arrange¬ 
ment of the tracheal system and its attendant structures; 
the observations, however, await confirmation as only dried 
material has so far been examined. 

Hymenoptera. —^The Braconidai is a family of great interest 
on account of the habits of its members as parasites of other 
insects, and C. F. W. Muesebeck (Proc. U.S. Nat. Mus., W* 
Art. 8, 1-85) gives a revision of the genus Microbracon in North 
America. Another important monograph by H. L. Parker 
{Ann. Soc. Entom. de France, 98, ^61-392, 39 pis.) deals with 
the (larvae) post-embryonic forms of members of the vast 
family the Chalcididae; these studies, which form a review of 
the anatomy and morphology of the larvae of all the known 
chalcids, have been carried out during the past few years at 
the parasite Laboratory of the U.S.A. Bureau of Entomology 
at Hy^res in the South of France, and form a valuable contribu¬ 
tion to our knowledge of this important family. J. A. Nelson 
{Jour. Agric. Res., ^ 1167-1213) has a detailed study of the 
morphology of the larva of the honey-bee. Another valuable 
publication on the honey-bee is by R. E. Snodgrass, entitled, 
The Anatomy and Physiology of the Honey-bee (McGraw-Hill 
Publishing Co. Ltd., London, 1925, 327 pp.) a review of which 
appears in this number of Science Progress. 

The British species of Megachile are dealt with by R. C. L. 
Perkins (En/om. Mo. Mag., 61, 95-101) descriptions of some 
new varieties from Ireland being given. 

F. Santschi {Revue Suisse Zool., 81, 157-73) has given a 
useful revision of the African genus Plectroctena of Ponerine 
ants. Little is known of the habits of these ants, which live in 
chambers, deeply situated in the ground, the entrance to the 
nest being usually indicated by a mound of earth; they are 
sluj^sh, timid insects, about fifty members in a colonv; 
exploration is confined' to the workers, and their food incluiles 
termites, but chiefly millepedes and certain beetles. 

Djiptera. —G. C. Crampton {Proc. Ent. Soc. Washington, 87, 
68-90) discusses the phylogenetic significance of the labium of 
holometabolous insects, with special reference to the Dipfera, 
which paper is in the form of a repl5r to the criticisms of 
MacGiluvray on Crampton's previous views: the author con¬ 
cludes that the main evidence of the labium is in accord with 
that afforded by other parts of the body in indicating the 
relationships of the Holometabola, as shown in previous papers; 
the evidence points to ad Orthopteroid ancestry for the Holo- 
ixuitahoiar wlu^ is probably found in the common Protor- 
ateidi £rom which such forms as the zoraptm>ui 
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psodds are also derived. Another paper by the same aut^ar 
{Atm, Eniom. Soc. Antetica, 18, 49-74) deals with a phylo* 
genetic study of the thoracic sclerites of the non-Tiptuoid 
Nematocera: the view is held that the families Tanyderic^ 
Bruchomyidse, and Trichoceridae are among the most primitive 
living Diptera. Further remarks on this question by the same 
author appear in {Psyche, 81. 238-42). 

C. H. Curran {Proc. Entom. Soc. Washington, 27, 51-62) has 
a revision of the Syrphid genus Neoascia Williston, six new 
species being described and M. C. van Duzee (Proc. U.S. 
Nat. Mus., 88,1-43) has revised the N. American species of the 
Dolichopodid genus Argyra Macquart, 26 new species being 
described. L. Faleoz {Arch. Zool. Exper., 81, 521) describes 
II species of Pupipera from caves, being chiefly parasitic on 
bats : the species evidently associate with different species 
of bats, and certain species are free-living during part of their 
life, for instance PeniciUida dufouri places its young, not on 
the host bat, but on the wall of the cave or on a branch from 
which the young insect seeks its host: two species new to 
science are described, Nycteribia scotti and Nycteribosca alluandi. 
Q. C. Kessel {Jour. NewYork Entom.Soc., 88,11-33) has a synopsis 
of the family Streblidae, also parasitic on bats. C. T. Greene 
{Proc. U.S. Nat, Mus., 88,1-26) gives an account of the puparia 
and larvae of Sarcophagid flies. The addition of 13 new species 
of Diptera to the fauna of the Galapagos Islands by C. W, 
Johnson {Zoologica, 6 , 85-92) brings the total records of Diptera 
from these islands up to 50 species. Experiments on the 

E hototropic reactions of Eristralis tenax and Erax ruftbarbis 
ave been carried out by S. O. Mast {Jour. Exper. Zool,, iHt 109- 
aos). These flies are photopositive, and, when illuminated 
laterally, they turn directly towards the source of light; when 
illuminated from two sources they take up a line between the 
two, the position depending upon the relative intensity of the 
light from each source : removal of the limbs shows that 
orientation does not depend necessarily on balanced action 
in the locomotor appendages of opposite sides, as suggested by 
the " Ray-Verworn ” theory; it is produced by a series of 
co-ordinated reflexes, specifically related to the photo stimula<' 
tion of the eye, and any hypothesis which demands balanced 
action in receptors and locomotor appendages on opposite 
sides, does not fully explain orientation in insects. 

M. H. Morris {Bull. Entom. Res., 16, 359-60) records the 
finding of the eg« of Leptohylemyia coarctata Fall in the soil 
of a mangold-fieTa, thus confinning previous observations that 
this ph3rtophagDus insect has the unusual habit of laying its 
^gs in the bare soil in the absence of its host plant: a descrip¬ 
tion of the egg is given. A further volume in the Emma dk' 
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Pmtet series (Paris, 1924, P. Lechevalier, pp, 1-159) is an 
important monograph on the Tipuiidae by C. Pierre, and a 
vamable treatise on the mosquitoes of the Mediterranean area 
is written by E. S^^y, Les Mousiiques de 1'Afri^ne mimurf, 
de V£gypt ei de la Syrie (Paris, 1924, P. Lechevalier, 25/ pp., 
29 pis., 106 figs. Price 50 frs.). E. Smirnov (Zoo/. Am., SBt 
349-50) shows that the internal anatomy of Cerioides, which, 
on account of its curious external appearance, is considered to 
form a special sub-family, Is also unusual in Diptera ; a new 
species, C. sartomm, from Turkestan is described. J. Surcouf 
and E. Fischer {Bull. Soc. Entom. de France, 1924, No. 20,232-7) 
have some interesting notes on the larval and nymphal life 01 
Tabanus bromus L., and A. Thienemann (Zool.Am., OS, 331— 
45) deals with the larval and pupal stages of some Chironomidse, 
particularly the genus Lundstrdmia ; the forms in different 
groups appear to be quite similar, and it is necessary to breed 
out the imago before the classification can be certain. C. L. 
Turner {Bid. Bull., 48, 128-38) describes a mutation which 
arose during breeding experiments with Psychoda altemata. 

Other Orders. —Certain questions with relation to the 
intestinal protozoa and digestion in termites is the subject of 
three papers by L. R. Cleveland {Bid. Bull., 48, 282-8 ; 289-93 i 
295-327). The protozoa in the distended gut of the host take 
into their bodies, and digest, practically all the wood which 
the termites eat, and the latter cannot live on wood, their normal 
food, in the absence of these protozoa ; the author shows how 
the protozoa Trichonympka campanula digests the wood. It 
is also shown by experiment that Termopsis sp. and ReHculi- 
iermes sp. can live on a diet of pure cellulose, it having been 
hitherto thought that a diet of cellulose was insufficient to 
maintain normal development; it is suggested that the insect 
must be able, therefore, either to fix atmospheric nitrogen or 
transform carbohydrates into proteins. D. M. Diakinov {Jour. 
GeneHcs, 15,210-52) has made an experimental and biometrical 
study on the dimorphic variability of Forficula, particularly 
with reference to the forceps in the male. Although the lengtin 
of the forceps in the male may sometimes vary widely, they may 
present a typical bimodal frequency curve ; the writer considers 
that the cause of the dimorphism is only a specific and rather 
complex reaction-norm, where a modification, under the 
ordinary conditions, proceeds very rapidly. 

B. B. Fulton {Ann. Entom. Soc. America, 17, 3S7~^7) has 
some interesting observations on the habits of earw^, the 
forceps being considered chiefly as or^s of defence. Xn 
(Zoimeica, 5,67-76 ; 77-9 j 81-4) J. W. Folsom describes two 
Apteiygota, H. Osborn describes Jassus galapeigamh 
map., and H. £. Ewing describes new species of Mailophagajr 
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all from the Galap«^;os Islands. Several new genera and spedes 
of Thysanoptera collected by C. B. Williams in Central America 
are described by H. J. Douglas (Psyche, 8St 48-69) and seven 
new species from Africa (The Entomologist, #8, 132-9; Ptoc. 
Entom, Soc., Washington, 27, 8-12}. 

nmZOSOOT of mSFBODUCrrXOir. By John Hammond. M.A.. 

School of Agriculture, Cambridge. 

Rejuvenation and the Internal Secretions of the Testes .—^The 
attempt to ward off the senile decay of old age has attracted 
many investigators^ and lately the vigour imparted to the 
oi^anism by the internal secretions of the testes have formed 
the basis of new attempts in this direction. Steinach (Arch. f. 
Entwick. Mech., 46,1920) has used the method of vasectomy, or 
ligature of the epididymis to increase the internal secretion 
of interstitial tissue at the expense of the external secreting 
seminiferous tissue, as had previously been found by Anew 
and Bouin (Arch, de Zool. Expir. 1, 1903). His claims have 
received confirmation recently in the publications of Sand 
(Zt. Sexualmss., 8, p. 3, 1922) and of Schmidt (The Theory 
and Practice of the Steinach Operation, London, 1924). On the 
other hand, Voronoff (Greffe Animate, ses applications utili- 
tttires au Cheptel, 2nd edit., Paris, 1925), by the transplantation 
of the testes of young animals into senile ones, has obtained 
remarkable rejuvenating effects in the larger domestic animals 
and in man; in conjunction with Retterer (XI. Inter. Phys. Con- 
|;ress, Edinbugh, 1923 ; Supp. Quart. Jour. Exp. Phys.), he is 
inclined to believe that the result is due to the introduction 
oi the elements of the seminiferous tubules rather than to 
the interstitial tissue. In cocks, where the interstitial tissue is 
v«ry scanty. Crew (Proc. Roy. Soc. Edin., 45, p. 249, 1925) 
failed to obtain any rejuvenating effect from vasectomy, 
although he states (Proc. Roy. Soc. Edin., 45, p. 252, 1925) 
that a positive result was obtained by the administration of 
thyroid. 

The literature of the controversy as to the origin of the 
internal secretions of the testes has been summarised in a new 
edition of Lipschfitz’s book, which has been published in English 
(The Internal Secretions of the Sex Glands, Cambridge, 1924). 
In this connection the secondary sexual characters of fish« 
have provided interesting evidence. It was known from the 
work of Koped (C. R. Soc. des Sci. de Varsovie, 11, 1918) t^t 
the sex-glands influence the secondary sexual characters. 
Courrier d'Anat. d'Hisi. et d’Embry., 2, p. 118, 1922), 

from an examination of the seasonal changes in the secondaiy 
sexual characters in conjunction with the changes in the 
proportions of seminiferous and iiflieistitial tissue in the testes. 
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oondttde4 that the interstitial tissue is the origin of the internal 
secretions; but Van Oordt (Konink. Akad. v. Wetensch. i» 
Amsterdam, 80, 1923, and 87, 1.924, and Arch. f. Mik. Amt, 
V. Eniwickmech. 108, p. 379, 1924) finds that the evidence 
does not support thb conclusion, and suggests that the difference 
in the proportions of these tissues {present is the result of alter¬ 
nating action of interstitial and seminiferous portions dependent 
on the supply of nutritive substances to the testes. 

SeconMry Sexual Characters and Mendelian Factors,-— 
Geneticists are at present inclined to favour the sex chromosome 
theory as the basis for the inheritance of sex, and this implies 
differences in the soma of males and females. Lipschtitz, in 
his book (see above), and in a recent paper {Mendel Memorial 
Pub. Czechoslovac Eugenics Soc., Prague, 1925) points out 
that this conflicts with the views of physiologists such as 
Tandler {Arch. f. Eni. Mech., 81, 1910), Steinach {PflUgers's 
Archiv, 144, 1912), and Zawadowsky {Das Geschlecht und die 
Entwicklung der Geschlechtsmerkmale, Moscow, 1922) and 
others who, from the effects of castration or artificial herma¬ 
phroditism, or transplantation of gonads, are inclined to view 
the soma as asexual or bisexual, for the soma of both sexes 
reacts in the same way to the internal secretions of either sex. 
Lipschutz suggests that a physiological study of sex-linked 
crosses by castration and transplantation of gonads will assist 
both geneticist and physiologist in solving these problems. 

(Esirus and the (Estrous Cycle. —^The causes of the changes 
in the reproductive organs and the occurrence of the desire 
for coitus during the heat periods of an animal have been the 
subject of recent work by Allen, Doisy, et al. {Amer. Jour. Anat., 
M, p. 133, 1924), who state that they have been able to obtain 
the active principle causing these changes from the Graafian 
follicle by chemical extraction, and that small doses of such 
substances, which are not species specific, injected into sprayed 
females will cause all the symptoms of heat, and that females 
so treated will accept'coitus ; it was not possible to extract 
such a substance from the corpus luteum. Similar results have 
flilsb been obtained by Courrier {Arch. d$ Biol., 84, p. 370, 
i9S4t)> 

Loeb {Biol. Bull., 87, p. i, 1914) found that the early 
extirpation of the ixtrpora lutea in guinea-pigs led in most 
cases to an earlier ovulation than usual, and it has been found 
(Hammond, XI Inter. Phys. Cong. Edinburgh, 1923 ; Supp, 
p. J. Exp. Phys., p. 133) that the length of the oestrous <^e 
m cows can be r^uced by squeezing out the corpus httaum 
"pom the ovaries per rectum ; heat occurs again two days alt^ 
the operation, and this is followed by another ovtdation. It 
Siwilla appear, therefore, that it is the lei^§;th of life of the corpm 
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htttum which determiDes the length of the oestrons cyde hi 
so far as it regulates the ripening of the Graafian follidea. 
In the rabbit (Hammond and Marshall, XI Inter. Phys. Cong., 
Edinburgh, 1923 ; Supp. Q. J. Exp. Phys.) there is absence 
of a regular oestrous cycle, and this is associated with the 
fact that it does not ovulate unless coitus occurs; in the 
absence of copulation rabbits remain on heat for long periods 
when conditions for the ripening of the Graafian follicles are 
suitable. In this species pseudopregnancy, which ensues after 
a sterile mating, takes the place of an oestrous cycle. 

On the whole, the corpus luleum is remarkably regular in 
its duration durii^ the cycle, but certain conditions, such as 
pregnancy, cause it to persist much longer before the atrophic 
changes occur ; it is, therefore, a somewhat unexpected result 
that has recently been obtained by Loeb (Proc. Soc. Exp. 
Biol, and Med., May 1923), who finds that in guinea-pigs removal 
of the uterus causes the corpus luteum to persist much longer 
than in the normal cycle. Hartman (Amer. Jour. Anat., tS, 
p. as, 1925) has, however, failed to obtain similar results in 
the opossum. 

The details of the cestrous cycle vary so much from species 
to species that it is dangerous to homologise apparently com¬ 
parable processes in different species unless the full details of 
the cycle have been worked out. The cause of the menstrual 
flow in women, which has sometimes been regarded as due to 
the influence of the follicle (a pro-oestrous effect, similar to that 
which occurs in the bitch), may also be explained as a premature 
abortion or breakdown of the mucosa owing to the ovum not 
being fertilised and the placenta not being formed. Comer 
(Contributions to Embryology, No. 75) has recently attempted 
to solve this and related problems in monkeys. He found 
ovulation to occur fourteen to fifteen days after the onset of 
the last menstruation and an indication of a probable correla¬ 
tion between the premenstrual period in the primates and the 

E os^-oestrous period of other animals; in some individuals, 
owever, which had menstruated within two weeks of killing, 
he found no signs of recent or impending ovulation; thu 
may possibly be associated with the difficulties of IceepiM 
these animals in captivity out of their native country, u 
has been established by the work of Fraenkel, Meyer, Ruge, 
and Scfardder that ovulation in women occurs ten to faurte<ai 
d^ after the beginning of the menstrual flow. Seitz and 
mntz (M&nchener Med, Wochensch., p. 475, 1919) find that 
the effect of Rontgen rays, which destroys the follicular system 
of the ovary, varies according to the time in the cycle at wld^ 
It is administered; if given in the first half of the inter- 
menstrual period Iwfore a new corpus lukum has been 
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lormed) no further menstrual flow occurs in the majority of 
cases, wtlweas if administered in the second half (u«. after 
ovulation when a fresh corpus luteum exists in the ovary) 
one more menstrual flow takes place in the majority of cases 
before complete cessation ensues. This appears to indicate 
that the atrophy of the corpus luteum rather than the ripening 
of the follicle is associated with the onset of the menstrual 
flow. The method of implantation of the human ovum—one' 
of active burrowing into the endometrum—and its early 
development has been described by Teacher {Jour, of Obstetrics 
and G^cecology of the British Empire, 81, p. i66, 1924, and 
Zeit. f. Anat. v. Entwick., 78, p. 360, 1925). 

Ovarian Metabolism. —^The compensatory hypertrophy of 
one ovary or part of an ovary when the other is removed, 
a fact determined by earlier investigators, has lately been the 
subject of experiments by several workers. Arai (Amer. Jour, 
of Anat. 28, p. 59, 1920) found that the hypertrophy was 
due primarily to increased follicular development and Asdel 
{Brit. Jour, of Exp. Biol. 1, p. 473, 1924) has shown in the 
rabbit that the number of follicles ripened and young produced 
is practically the same whether the animal has two or only 
^th of an ovary. Hartman {Amer. Jour. Anat., 86, p. i, 1925) 
goes even further, and states that in the opossum more follicles 
are produced from a part than from the whole ovarian mass. 
LipschUtz {Brit. Jour. Exp. Biol., 2, p. 331, 1925) has shown 
that the increased development of follicles in fragments of the 
ovary is not due to the formation of new ova, and that ex¬ 
haustion of ova may be produced in these fragments due 
to the numbers which are forced to develop. As he points 
out, the hypertrophy of fragments of the sex-glands is not 
jdue to a demand for their internal secretions, as small pieces 
Are sufficient for this purpose. It seems more probable that 
the development of the follicles and of the sex-glands generally 
depends on specific substances which are present in the blood 
in definite small amounts (Sand, Jour. a. Phys. et de Path, 
Ginir. 20, p. 422, 1922 ; and Hammond and Marshall, XI 
Inter. Phys. Congress, Edinburgh, 1923 ; Supp. Q. J. Exp>, 
Phys. 1, 137b and the supply of which controls the number 
-of follicles which can develop. 

Further evidence for the dependence of the ovaiy on these 
Specific substances for its internal secretory function and for 
its function of producing ripe follicles and corpora lutea is 
to be found in the investigations of the effects of lactation 
on fintUity. 

Kuramitsu and Loeb {Amer. Jour, of Physiol., 65, p. 42s, 
iMi), who investigated tne effect of suckling on the uterus 
AX ^ guinea-pig and rat in which a hypeiinvolution occurs. 
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conclude, however, that it is not a mediate one a<^ln|; through 
the ovaries, and they base this on the fact that there is a sHl^t 
eifect due to suckling on the uteri of castrated animals. Loeb 
and Kuramitsu (Amer. Jour, of Physiol., 66, p. 443, 1921) 
found in the rat tnat ovulation was suspended during lactation. 
In rabbits Hammond and Marshall (xl Inter. Phys. Congress 
Edinburgh, 1923 ; Supp. Q. J. Exp. Phys., p. 137) found that 
suckling causes atrophy of the uterus very similar to that 
which occurs as a result of removing the ovaries, and that the 
effect on the ovaries is to cause atrophy of the follicles and 
shrivelling of the corpora lutea ; this is believed to be due to 
the use by the active mammary gland of the specific substances 
from the blood which are necessary for the metabolism of 
the ovary, so that a functional castration is performed with 
reduction of the internal secretions, although the ovary itself 
is intact and will function again as soon as lactation ceases or 
is reduced. That the gonads are particularly susceptible to 
deficiencies of Vitamine B and other specific substances in 
the diet has been shown by the work of Evans and Bishop 
iJour. Metabolic Research, 8, 1923), and of Parkes and Drum¬ 
mond {Proc. Roy. Soc. B. 98, p. 147, 1925), and it is possible 
that these facts are connected with those mentioned above. 
Nichols i^Jour. of the Ministry of Agriculture, 81, Dec. 1924) has 
summarised the existing and has brought forward fresh evidence 
to show that flushing (raising the state of nutrition) before 
mating increases the fertility of sheep. Some substance 
existing in only limited amounts in the blood (“ generative 
ferment ”) has also been postulated as a basis for the oestrous 
cycle (see above), corpora lutea and follicles using it alter¬ 
nately (Hammond, XI Inter. Phys. Cong., Edinburgh, 1923 ; 
Supp. Q. J. Exp. Phys., p. 133), and it may also similariy 
explain the cycle of changes occurring in the testes of fishes 
(see above). 

Duration of Pregnancy and the Cause of Parturition. —While 
many theories exist on these points but little experiment^ 
evidence is yet available in support of any of them. Kifkluon 
(Anat. Rec., 11, p. 31, 1916^17), and others have found that 
lactation prolongs the duration of gestation in mice and rats 
ahd this is attributed to the delay in the fixation of the blast^ 
cysts to the uterus as a result of lactation. As to the causes 
of parturition Dixon and Marshall {Jour. Phys., 68 , p, 
1924), as a result of experiments, suggest that the internal 
secretions of the ovary at term stimulates the pituitary;, aixd 
that its secretions in turn act on the muscle of the utenis^ 
causing expulsion of the foetus. Extracts of ovaries ana 
torpma lutea during mid^regnancy, they found, had no swell 
action oh the pituitary. 
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WMNWamp Br A. B. Hbatb. M.A.. Uoiventty. Liverpool. 

In eacli field of human endeavour there are periods when 
advance is made through the perfecting of methods and 
instruments. There are other periods in which progress is 
achieved not so much by technical improvements as by a 
change of attitude to the whole domain. In education, the 
twentieth century has been marked so far by developments 
of the first kind; but there seems to be evidence that funda¬ 
mental changes may arise in the next decade from a real shift 
in our point of view of education as a whole. Prophecy is a 
tricksy game, and not to be undertaken lightly in a post-war 
world bristling with problems ; but two recent publications 
have brought to clearer focus in my own mind the sense of 
these possibilities. 

The first of these is the reissue of Mr. George Sampson’s 
stirring little book English for th* English (Cambridge Press, 
1933 ; new edition at zs. 6 d., 1925). When I first picked up 
this volume I expected to find a plea for the importance of 
thorough grounding in the mother-tongue, and a body of 
practical suggestions as to how that might be achieved in 
English schools. These expectations were not disappointed. 
But what I did not think to find was so plain and outspoken 
and humorous a treatment of English education as a whole, 
and so broadly built and noble an appeal on behalf of the 
great mass of English children. We all knew, before Mr. 
Sampson told us, that the English child can only awaken 
to apy creative fullness of life if he can first become pro¬ 
ficient in the use of his native tongue, the universal tool 
of all callings and of all conditions. But it had not been, 
brought home to us by such vivid phrases as these : " English 
is not a school ' subject ’ at all. It is a condition of school 
life. . . . Every teacher is a teacher of English because every 
teacher is a teacher in English.” It is, however, the manner 
in which these questions are related to social and political 
issues that gives to Mr. Sampson’s work its true importance. 
It provides an indication, as I have hinted above, of a move¬ 
ment of opinion towards the recognition that particular diffi¬ 
culties can only be hopefully treated when they have been 
placed in a vnder setting. Mr. Sampson’s attitude to the 
problnn of the * penny dreadful ’ will illustrate what I mean. 
A^^ referring to the agitated nonsense often talked on this 
subject as a consequence of that “ false austerity whose truer 
name is humbug,” he warns us that a year’s reading of the 
avernge boy is probably much healthier than a year’s reading 
of hi3 critics. The effect of the weekly ‘ dreadful ’ on the mind 
•of the is much less harmful than the effect of the daily 
Iteumpi^ on the mind of the adult. The average newspaper, 

J0 
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lie insists, is ddiiberately pernicious in suggestion and in 
suppression. There is too often dear evidence that one of its 
main puiposes is “ to perpetuate animosity, produce misuhder* 
standing, alienate sympathy and create the atmosphere in which 
disputes can never be adjusted, troubles avoided, or wrongs 
righted." What we have to do, then, is firstly to take the 
boy’s passion for reading, and enlarge its range. But Mr. 
Sampson is quite dear that this in itself is not enough. " We 
want to create people who can use print, not people who are 
intimidated by print.” He therefore claims that the proper 
treatment of this question in schools will point the way towards 
the solution of the problems raised by uncritical acceptance of 
printed suggestions in later life. To that end he proposes that 
the boy of fourteen should be introduced to a kind of reading 
that finds no place in the usual scheme. " I want him to make 
a first acquaintance with philosophy,” he says, ” and, to put 
the matter in a simple and concrete way, I will suggest that he 
should b^in to read Plato.” He begs us to glance through the 
Crito and ask ourselves, first, what there is in it that a Seventh 
Standard or Fourth Form boy cannot follow ; and next, 
whether that process of steady mental interrogation, that 
gradual reduction of abstractions either to thin air or to some¬ 
thing actual, is not precisely the kind of education our pupils 
need and ought to get. The shock of such a proposal brings 
home to us the following facts : (i) that the elementary schools 
are by far the most important schools in the country, since 
they are the chief means of humanising the great mass of 
people ; and (2) that these schools have arisen as the product 
of historical circumstances whose determining factors have 
too often been commercialism, drift, and snobbery, ” One of 
the gravest social errors of the last half century has been the 
deliberate depreciation of the real public schools of England, 
the elementary schools.” The matter, as Mr. Sampson points 
out, may be put quite simply: " Harrow is allowed to ihake 
men ; Hoxton has to make hands.” And all this in spite of 
the fact that the safety of the world and the future of civilisa¬ 
tion depend upon the character and intelligence of the multi¬ 
tude. The point I am making is that when an honest observer 
like Mr. Sampson comes to treat a single special difficulty in 
schooling, he is bound to find that its unravelling places thirds 
in his hand leading to almost every department of social 
organisation. That is what I mean by saying that this book 
illustrates a change in the treatment of educational questions ; 
and that advance may come in the future from shifts 01 emphasis 
in men's thought on these matters, rather than ^ite 

polishing of existing methods and machinery. 

The other recent publication which seems to me to be a 
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of this current in educational affairs is Prof. J. J. Findlay's 
book, in two volumes, The Foundations of Education : A Survey 
fd Principles and Projects. The first volume only {Aims OM 
Organisation, Univ. ot London Press, 1925) has appeared so 
far. The distinguishing character of this work is its explicit 
recognition of tne fact that any living survey of educational 
theory must be related to principles of organisation which, in 
turn, are the product of social and political changes. “ It was 
only after wide reading in sociology,” Prof. Findlay writes, 
*' that the ground seemed to be firm under my feet.” There 
are many instances in this work of the fact that new lines of 
advance may come from deep-seated movements in opinion : 
and Prof. Findlay’s treatment provides us with ample warning 
that such advances would not render unnecessary the detailed 
development of technique. On the contrary, gains on this 
wider front need to be consolidated by that perfecting of 
methods and instruments to which it is the complement. 

The following is a selection of references to recent work : 

John B. Watson, " The Unverbalized in Human Behaviour," Psy, Review, 
1924, 81 . 4,273-80. Stress is laid on the formation of enormous numbers 
of manual habits, especially during infancy, without corresponding 
verbal habits. This is made the basis for the curious " behaviourist " 
view that memory is the calling out of verbal parallels to earlier manual 
habits. See also the same author’s article, " The Place of Kinaesthetic. 
Visceral and Laryngeal Organisation in Thinking," Psy. Review, 1924. 
81 . 5. 339 - 47 - 

C. S. Myb^, *' Some Present Tendencies of Psychology/* Amfif, Jour, of 
Psy., 1925. 86. I, 53-^5- 

Albert P. Weiss, ** Purposive Striving as a Fundamental Category of 
Psychology,'* Psy, Review, 1925, 82 , i, 171-7. A criticism of McDougall's 
address to the Psychology Section of the British Association at Toronto 
(reprinted in Scientific Monthly, 1924, 19 , 305-12). 

W. H. K. Rivers, "Psychological Dissociation as a Biological Process," 
Scientia, 1924, 85 , 145, 331-8. A paper by the late Dr. Rivers which 
is of interest to readers of his book Instinct and the Unconscious. 

C. Srearmah, " The New Psychology of ' Shape,' " Brit. Jour, of Psy., 
X925, 16 . 3, 2x1-25. A critical account of Gestalt psychology. Sto 
also J, R. Kantor, "The Significance of the Gestalt Conception in 
Psychology," Jour, of Philosophy, 1925, 88, 9, 234-41 ; H. Kelson, 

" The Pi^hology of Gestalt," Amer, Jour, of Psy,, 1925, 86, 3, 342-70 ; 
and Ouvs B. Gilchrist, " A New View of Mental Development," Psy. 
ftoview, X924, 81 , 4, 297-310. Two recent books which are important 
in tbii connection are The Growth of the Mind, by K. Kofika, and The 
MenMify of Apes, by W. Kdhler. An interesting, but not very sub¬ 
stantial, ps^lel is drawn between Gestalt*Fsychology and Physical 
Relativity by G. Humphrey, " The Theory of Einstein and the Gestalt** 
.Psydioloj^,^* Amer. Joum. of Psy,, 1924, 85 , 3, 353-9* 

A* E. Chapman, " The Efiect of School Training and Special Coaching on 
Intdl^enoe Tests," Forum, 1924, 8, 3, X72-83, The aim of intelligence 
tseta la " to devise a means of gaug^g a child's inborn mental capacity/* 
Tile lemlt el this enquiry is to suggest that environmental factors are 
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more biiportajit than It coniinonly ttippoted* Eartiher invettigatioii 
on thetd limes it clearly much to be desired. 

L. Arcrsu, ** Cross-Currents in the Teaching of History/* Forum, 1924, 
8f 3 * 165-7X. So much humbug has been talked and written on tiie 
teaching of history that this stimulating and vigorous essay is most 
welcome. A strong plea for widening the basis of historical studies— 
especially in adult ch^ea—is put forward by R. S. Lambert, ** Anthro¬ 
pology and the Social Sciences/* Highway, 1925, 17 , 3, 1x7-22. 

T, P. Nukn^ ** An Elementary School Syllabus in Mathematics/* Forum, 
X924, 2 , 3, 204-19; and 1925, 8. i, 49-bi. The publication of this 
excf^ingly intere^ng course will be of the greatest value to many 
teachers. F. Cajori, ** Indivisibles and * Ghosts of Departed Quan¬ 
tities * in the History of Mathematics/* Scientia, 1925, 87 , 157. £. J. G. 
Bradford, ** Suggestion, Reasoning, and Arithmetic/* Forum, 1925, 
8, X, 3-X2. By the systematic setting, in arithmetic papers, of questions 
not capable of numerical treatment, a remarkable absence of critical 
thought in answering such papm was disclosed. Teachers of arith¬ 
metic would find chicks of this kind of great utility in testing the 
value of their work and methods. 

T. H. Yorkb Trotter, “ Music as it is Taught,** Hew Ideah Quarterly, 
X925, 1 , 2, 26-30. An important criticism of present tendencies m 
musical education. 

Sir Berkeley Moykiham, **The Debt that Science owes to Medicine,** 
School Sci, Rev., X924, 6, 23, I 45 - 59 * In this stimulating presidential 
address to the lienee Masters* Association, the subject is tieated in a 
non-technical manner, stress being laid on science as a developing 
whole. There are several recent papers of interest to the teacher of 
science from this point of view; Lawrence K. Frank, ** The Develop¬ 
ment of Science,*' Jour, of Philosophy, 1924, 81 , i, 5-28, suggests that 
the enduring work of philosophy has been the efforts, not to reveal 
nature*8 secrets, but rather to strike off man's fetters and disclose his 
•elf-generated obstacles to learning from events; Vivian T. Saunders, 
School Sci. Rev., 1925, 6, 24, 217-22, discusses the muddled notions 
which are current concerning the true function and character of scientifo 
theories, and their relation to facts. The view is expressed that, in our 
eagerness to encourage some appreciation of scientific work as a living 
growth, we may rush from the extreme of uninspired technicalities to 
that of unsubstantial romancing. 

H. Crichton Miller, ** The Adult*8 Motive in Education,*' Forum, 1925, 8* 
2, 40-45. In this important paper Dr. Miller examines the motives 
at work, consciously or unconsciously, in deciding the teacher's choice 
of his vocation. However suspiciously we may view the actual 
' motives' suggested, there can be no two opinions on the wisdom of 
what Dr. Miller says by the way. Whether, for instance, there to an 
unconscious * power urge * motive or not we can agree that the desire 
to force others to think as we do may be tolerable in the politic^ 
and pardonable in the evangelist, but in the man or woman who has 
access to the plastic mind of the child it is indefensible. Two charac¬ 
teristics of great educators are singled out by Dr. Miller as especially 
desirable: strenuousness and equanimity. The one implies capacity 
for infecting one's pupils with the feeling of the intrinsic worth-while¬ 
ness of effort. This is a different thing from preaching a gospel of work 
at one's pupils. Kor is it attained by an emotional bwd between adult 
and child. The struggle is in itself good fun; it to not engaged hi 
** to pleafe the teacher/* The secoM character, equanimity, imdUm 
capadty lor tnfacting one*s pupUs with a oertaia balanoea atoitade 
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wbkh onijr oooM wheo the lesson has been lew»t that life. In genera], 
is trustworthy. Most ol us have suffered in youth from exaggerated 
anxieties basM on lack of knowledge and distrust of self: and few 
there be who have not been made still more axudoos by the unwise 
though weU>meant warnings of parents and teachers that '* the branch 
will break and the dog will bite; the master will cane and the examiner 
will plough." How much better. Dr. Miller suggests, if we can com* 
municate the sense that, though the world is in many ways incalculable, 
a gallant and high-hearted happiness is unlikely to meet with ultimata 
defeat. The equanimity, then, which is intended is not the product 
of callous insensitiveness, but of learning to— 

"... meet with Triumph and Disaster 
And treat those two impostors just the same." 

" The whole art of teaching," wrote Anatole France, " is only the art 
of awakening the natural curiosity of young minds . . . and curiosl^ 
itself can be vivid and wholesome only in proportion as the mind u 
contented and happy." 
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THE DIGESTION OF CELLULOSE 
BY INVERTEBRATES 

By C. M. yONGE. Ph.D.. B.So. 

There is no enzyme, so far as we know at present, in any of 
the Vertebrates capable of digesting cellulose; manjr herbi¬ 
vorous mammals, it is true, can split up the cellulose in their 
food, but only with the aid of intestinal bacteria. In the 
Invertebrates, on the other hand, no cellulose digesting bacteria 
have been found (possibly because they have not been very 
carefully sought), but a distinct enzyme (cellulase or c^ase), 
which can digest cellulose, is present in a number of these 
animals. The literature is very scattered and, since the subject 
is one of some considerable interest, a short r6sum6 of the 
present state of our knowledge will not be out of place. 

We have no evidence of the presence of cellulase in any 
member of the Porifera, Coelenterata, Platyhelminthes, Nemat- 
helminthes, or Annelida; it appears to be confined to the 
Protozoa, Mollusca, and Arthropoda. 

Protozoa. —Certain Sarcodina seem to possess the power of 
digesting cellulose. Cienkowski (1865, Arch. mikr. Anat., 
vol. I) has described how Colpoddla pugnax, VampyreUa spiro^ 
gyres, and VampyreUa tendula feed on algae by sucUng out the 
contents of their cells. They have first to pene^te the 
cellulose wall of the algae (Chlamydomonas and Spirogyree) and, 
since they possess no mechanical means of so doii^, this is 
probably performed by the action of a cellulase. Rhumbler 
(1898, Arch. Entw.-Mech., vol. 7) has observed and figured 
Amoeba verrucosa in the act of ingesting Oscillaria (one of the 
blue-green algae}. A long thread is taken in and rolled round 
within a digestive vacude inside the animal. These threads 
are finally broken up into many small pieces by the action of 
enzymes, which must include one capable of digesting the 
cellulose wall of the algal thread. According to Stoic \i900, 
Zeit. toiss. Zool., vol. 68), if a starved Pelomyxa, whose merve 
of glycogen ('* Qlanzkdrper ”) has entirely disappeared, be fed 
on threadsof cotton or filter paper, whidi it takes in read%, the 
reserve of glycogen is re-formed. He was not able to observe 
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the actual dissolution of the cellulose, but, after feeding with 
threads stained with Congo Red, he states that isolated vacuoles 
within the animal seemed to be coloured red, showing that 
digestion of the cellulose had taken place. Although it is 
naturally not easy to state definitely in the case of such minute 
animals whether any particular ferment is or is not present, yet 
the above evidence appears to be, if not absolutely conclusive, 
at least strongly indicative of the presence of cellulase in these 
animals. 

As a result, very largely, of the work of Cleveland (1924, 
Biol. Bull., vol. 46, and earlier papers), we know most about 

? rotozoan cellulase in certain Flagellates, belonging to the orders 
•rotomonadina and Hypermastigina, which live symbiotically 
in the gut of Termites. Imms (1919, Phil. Trans. Roy. Soc., 
B 209) expressed the opinion that there is a correlation between 
the presence of intestinal Protozoa in Termites and the habit 
of feeding on wood; Buscalioni and Comes (1910, Atti. Accad. 
CioeniaSci., Catania, vol. 3 (ser. 5)) having already found that the 
Protozoa ingest fragments of wood and, as a result, give a 
strong reaction for glycogen after staining with iodine. What 
they assumed, but did not prove, however, was that the Ter¬ 
mites themselves could not digest wood. Cleveland has 
established a definite correlation between the presence of the 
Protozoa and the wood-feeding habit. There are four families 
of Termites, and he found that in three of them (Kalotermitidae, 
Rhinotermitidse, and Mastotermitidae) Protozoa are always 
present, but that in the other family (Termitidae) only three 
species out of seventy-five examined contained Protozoa which 
ingest wood. The first group of Termites feed practically 
exclusively on wood, but the more highly specialised Termitidae 
rarely feed upon it ; some sj^ies, indeed, never do so. 

Cleveland succeeded, by incubating the Termites at 36“ C. 
for a d^, in killing all the Protozoa without damaging their 
hosts, lliese defaunated Termites all died within four weeks 
if they were fed exclusively on wood, but remained alive for an 
indefinite period if fed on humus or fungus digested cellulose— 
•.«. when the Protozoa were replaced by some other organisms 
capable of doing their work (no evidence of the presence of 
ceuulose digesting fungi or bacteria in the gut of the Termites 
was found). When defaunated Termites were reinfected with 
Protozoa they were once more able to live on an exclusive diet 
of WTOd. The Protozoa can also be killed by depriving the 
Termites of wood, which appears to be the only food on which 
the Protozoa can live. They are extremely abundant and 
** tomthUfy fill the large and much distended gut of their host." 
Qeyeumd confirmed the observations of Buscalioni and Comas 
that the Protozoa actually ingest fragments of wood and, unlike 



m SCIENCE PROGRESS 

the other intestinal Protozoa winch did not innst wood, con¬ 
tained large reserves of glycogen, which were still present after 
the host had been fed on pure filter paper for three months. 
As a result of these experiments, there can be no doubt that, 
though the Termites—common, apparently, with the rest 
of the Insecta—cannot digest cellulose, certain flagellate 
Ftotozoa which they harbour in their intestines are able to do 
this, and it is only with the aid of these symbionts that the 
Termites can live on their customary diet of wood.^ 

Mollusca. —Biedermann and Moritz (1898, Arck. ges. 
Physiol., vol, 73) were the first to demonstrate the presence of 
a cellulase in the Mollusca. They found that the alimentary 
canal of Helix contains a fluid which attacks hemicelluloses, 
though not “ pure ” cellulose in the form of filter paper or cotton. 
If a thin section of the endosperm from the seeds of certain 
Gramineae (e.g. maize, wheat, rye, or ricel is treated with a 
drop of this fluid and then observed under tne microscope, they 
found that the cell membrane was quickly dissolved, leaving 
only an open network unattacked. Sections of the endosperm 
of dates, brazil nuts, coffee beans, lupin and tropseolum seeds 
were treated in the same manner, the cell membrane being first 
dissolved and then the reserve cellulose which forms a thick 
layer on the inner surface ; vascular bundles and cuticularised 
parts were not attacked. The reaction proceeds in a neutral or 
slightly acid medium, but not in an alkaline medium, the end 

K oducts consisting of glucose, galactose, mannose, and pentose. 

filler (1901, Arch. ges. Physiol., vol. 83) confirmed the findings 
of Biedermann and Moritz; he found that the fluid in the gut of 
Helix digested cellulose which had been obtained from a potato 
tuber chopped up very fine and washed free from starch. 

The presence of this ferment has also been demonstrated 1 ^ 
a number of French workers. Selli^e (1906, 1907, 1910, C. R, 
Soc. Biol. Paris, vols. 61, 63, 68) found that the digestive juice 
from the gut of Helix pomatia acted to a very slight degree on 
cotton fibres producing glucose, but that if the cotton was first 
treated with Schweitzer’s reagent and then precipitated with 
acetic acid, or with zinc chloride, or with caustic soda or caustic 
potash and washed, it was acted on to a much greater extent, 
though a small white residue was always left unattacted. He 


* Since this article went to press Geveland has published font farther 
rapers (1925. Biol. BvU., voL 48). Ke describes the method in which the 
Fr^coa ingest wood, shows that Tennitee which have been fed esclnidvely 
on cellolose for a year grow and reproduce quite normally, and states that 
there is an absolute oonelation between the wood-feeding habit and the 
presence of Frotosoa at every stage in tiie life-cycle of the dmeient *' castes.” 
He has also discovered that the Frotosoa can be destroyed, not only by 
starvation ahd beat, but also by keeping their hosts^ who an not aSecteo, 
in an atmoq^iore of pun oxygen. 
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mM not able to make this treated cotton a^in as indigestible 
as it had originally been, although if it was desiccated in vacuo 
less than half the usual amount of glucose was produced after 
digestion. No separate enzymes could be isolated by subjecting 
the digestive juice to varying temperatures so that, presumably, 
the same ferment is responsible for the complete hydrolysis. 
Digestion proceeded in alkaline media though not so well as 
in the naturally acid medium of the gut of the snail. Selli^e 
was unable to decide whether the reagents used modify the 
chemical constitution of the cellulose and so render it liable 
to be attacked by the ferment, or whether they merely destroy 
the structure of the cellulose fibres and so permit the enzyme 
to act upon portions which would otherwise be protected from it. 
The latter seems the more probable explanation, in view of the 
fact that the untreated cellulose is hydrolysed to a small extent, 
and there is always an unattacked residue even after it has 
been treated, and agrees with the evidence of Biedermann and 
Moritz that there are certain types of cellulose (hemicelluloses, 
etc.) which are attacked and others which are not attacked 
(“ pure ” cellulose). Bierry and Giaja (1912, Biochem. Zeitschr., 
vol. 40) and Bierry (1914, C. R. Soc. Biol. Paris, vol. 76) have 
also reported the presence of this cellulase, which they call 
*' dextro-cellulase,” in Helix. They found that it acted on the 
cellulose (dextrane) present in the seed of the date and also on 
the cellulose in the seeds of Phytelephas macrocarpa, transforming 
them into glucose. They also give a detailed account of the 
action of the digestive juice upon a number of mannanes and 
galactanes (hemicelluloses), all of which are hydrolysed with 
the formation of mannose and galactose respectively. Billard 
(1914, C. R. Soe. Biol. Paris, vol. 76), who worked on the same 
animal, makes the extreme statement that the extract of the 
gut cannot be filtered through filter paper because it dissolves 
^e paper before it has time to pass through it. He succeeded 
in digesting wheat flour, lentils, peas, bucl^heat, potatoes, and 
haricot beans by means of the extract. Enriques (1901, MiU, 
Zool. Slat. Neapel, vol. 15) found that pieces of the green weed, 
Uha, were digestra by the stomach juices of Aplysia. No doubt 
further resem^ will reveal the extensive presence of cellulase 
in the h^bivorous Pulmonates and Opisthobranches, where 
it is obviously of the greatest service m breaking down the 
walls of the plant filaments and so enabling the carbohydrates 
within to be digested and absorbed. 

In the Lamellibranchiata the power of digesting cellulose 
Is probably confined to one highlv spedalised family, the 
Temdinidte. As is well known, these creatures bore into 
wood in the sea, and it has long been a disputed point whetho* 
or no thoy can digest in any measure the wood which they 
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scrape oflf with their shell valves as they bore into the woo4,i 
Recently, however, a quantity of evidence has accumulated 
which would seem to provide sufficient proof that they cap 
digest cellulose. All the wood shavings are passed into the 
mouth and through the entire alimentary system before they 
are expelled, by way of the exhalent siphon, into the sea. A 
large caecum, not found in any other Lamellibranch, branches 
off from the stomach and is always full of wood shavings, 
although the stomach is usually empty. It has been suggested 
that this caecum provides storage room for the slowly digested 
wood. The digestive gland is composed of two different 
portions, the functions of which have been the subject of a 
recent paper by Potts (1923, Proc. Camb. Phil. Soc. {Biol, ser.) 
vol. i). The greater part is made up of tissue which resembles 
that found typically in the digestive gland of the other LamelU- 
branchs; Potts calls it “ excretory,” but it is probably con¬ 
cerned with intracellular digestion. The remainder of the 
gland, cadled “ digestive ” by Potts, consists of lighter coloured 
tissue (so that the two portions can be distinguished by the 
naked eye) made up of wide, but excessively thin-walled, tubules. 
Particles of wood are found in both regions, but only in the 
lumen of the former portion, whereas they can be distinguished 
actually within the cells of the latter portion, and are also 
Ingested by free phagocytic cells, which are present exclusively 
in the lumen of this part of the gland—from which they prob- 
kblv arise by being nipped off from its epithelium. Histolom- 
caJly, therefore, there is evidence to show that in the Teredinidse 
a portion of the digestive gland is specialised for the intracellular 
diction of wood—and of wood only, since when living 
animals are placed in a suspension of Indian ink (or of iron 
aaccharate, as I have myself observed) this substance is 
absorbed by the unspecialised part of the- gland, but nol by 
the other. 

Harington (1921, Biochem. Joum., vol. 15) made extracts of 
the gland and found that, whereas they would not digest pure 
celliuose in the form of ffiter paper, they could, apparently, 
form glucose out of sawdust. His experiments, linfortunatdy, 
are somewhat inadequate, as he was hampered by lack of 
material. More conclusive evidence of the presence of a 
cellulase in the Teredinidse has been furnished by Dore and 
MUler (1923, Univ. Calif. Publ. Zool., vol. 22). They made 
chemical anal3'ses of the wood into which Teredo was boring, 
and of the borings which were ejected through their exhalent 
s^hons. They found a very striking contrast between the 
constituents of the two. The following table, taken from thefr 
paper, summarises thejr findings (they assume that no l%nia 
u synthesised): 
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DATA CALCULATED TO PERCEKTAGES OF ORIGINAL WOOD, 



SerioftL 

Serieell. 

Dftirarfmtbn. 

Woods, PU. 
per 100. 

Boxings I, 
Pts.per 56*1. 

Botlags It, 
Pts. per 947. 

Wood, Pto. 
per zoo. 

BoringifPii* 

perse’s* 

Hemicelluloses • 
Cellulose . 
lignin 

Furfural 3rield 

6*02 

54-74 

3060 

5-37 

3*62 

11 ‘79 

30-60 

3-32 

510 

10-99 

30-60 

3*32 

14-83 

47-45 

87-84 

5-90 

6*20 

10-96 

87-84 

4-36 


They continue, “ On this basis, it appears that during its 
passage through the animal's digestive tract the wood has lost 
about 80 per cent, of its cellulose, and from 15 to 56 per cent, 
of its hemicelluloses, including from ii to 40 per cent, of its 
furfural yielding constituents such as pentosans, etc.” They 
consider that plankton must form the chief food of the Tere- 
dinida on account of the lack of protein in the wood, but that 
the additional carbohydrate supplied by the wood is needed 
to supply energy for the extremely strenuous boring activities ; 
unlike the protein, it can be completely oxidised, and there will 
be no need to dispose of any nitrogenous waste products. 

Arthropoda ,—In spite of considerable research, no trace of 
a cellulase has been found in the Insecta (apart from that 
supplied by the Protozoan symbionts of the Termites). Peter¬ 
sen (1912, Arch. ges. Physiol., vol. 145) states that pollen grains 
pass unchanged through the gut of the honey-bee; Biedermaim 
and Mortiz (1898, Arch. ges. Physiol., vol. 72) failed to fed a 
cellulase in the gut of the mealworm, Tenehrio, while a number 
of workers have endeavoured without success to identify one 
in the alimentary canal of the silkworm and other leaf-eating 
caterpillars where it might reasonably be expected to be present. 
The only group of the Arthropoda, so far as we know at present, 
in which a cellulase is present is the Crustacea. Biedermann and 
Moritz (1898, Arch, ges. Physiol., vol. 73) found that the digestive 
juice from^ the foregut of Astacus fluviatilis, the freshwater 
crayfish, dissolved away the reserve cellulose of the endosperm 
of seeds. The middle lamellae of the cell membrane is left, 
only the outer layers (of hemicellulose) being attacked—unlike 
the action of the cellulase of Helix. Bieny and Giaja (1912, 
Biochem, Zeitschr., vol. 40) confirm these observations. “ITiey 
state that the digestive secretion of the crayfish transforms the 
cellulose of the seeds of Phytelephas macrocarpa and of the date 
into glucose. Mannane from the same source was converted 
mannose and the mannogalactanes of lucem and ” Gre^ 
Hay ” into galactose and var3dng amounts of mannose. The 
s^etion of the marine crustaceans, Maja and Hothorua (the 
loroter), though without effect on cellulose, acted on the man- 
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nane of Pkytdepkca but not on those of lucern and ** Greek 
Hay.” 

DtscMssion.—The above summarises, so far as I have been 
able to discover, the full extent of our knowledge regarding 
the digestion of cellulose by invertebrate animals. It will be 
noted that cellulase is not present in the majority of Inverte* 
brates, but only in those animals which are forced to rely 
exclusively, or to a very large extent, upon plant food, such as 
certain Sarcodina, some of the pulmonate and opisthobranchiate 
MoUusca, and the freshwater crayfeh ; or which have adopted 
a highly specialised mode of life, like the Flagellates which live 
in the gut of the wood-eating Termites and are presented as a 
result with a practically exclusive diet of wood, on which alone 
they can exist, or the Teredinidae which bore into wood and 
^gest, intracellularly, a proportion of the cellulose in the 
borings which pass through the alimentary system. With 
the possible exception of the Sarcodina, they are all animals 
which have attained a high degree of evolution in their particular 
phyla. 

Undoubtedly an especial difficulty in the investigation of 
cellulase lies in the uncertain knowledge we possess as to the 
exact chemical constitution of the celluloses and hemicelluloses, 
with the result that there is always a great deal of uncertainty 
and contradictory evidence (particularly, it will have been 
noted, in the case of the cellulase of Helix) as to exactly what 
kinds of cellulose are attacked and in what proportion. 

There is, therefore, much to be discovered, both with regard 
to the nature of the various celluloses and the nature and 
prevalence of the enzymes which attack them, and also with 
regard to the presence, in the more highly organised Inverte¬ 
brates, of intestinal bacteria and symbiotic I^otozoa capable 
of digesting cellulose. 



COLOUR AND OTHER CHANGES IN THE 
FLAKED SURFACES OF FLINT 

By J. REID MOIR, F.G.S., F.R.A.I. 

If a large series of flint implements, comprising example of 
every prehistoric culture found in England, be examined, 
it will be seen that, speaking generally, the specimens can be 
divided up into three distinct groups, by the differing colours 
exhibited by their flaked surfaces. These groups are («) 
implements that range in shade from a dark mahogany brown 
to a light chestnut brown, (b) specimens that show either a 
streaky coloration of black and white (the well-known “ basket- 
work patination ”) or a dense blue or white, and (c) implements 
that exhibit the unchanged colour of the original flint. Such 
an examination will show, also, that this grouping of the 
specimens, according to their colour, has grouped them, 
moreover, according to their types, and that those showing 
coloration (a) are of Eolithic, I^e-Chellian, Chellian, and Early 
Acheulian forms; those exhibiting coloration (b) are of Late 
Acheulian, Mousterian, and Upper Palaeolithic types ; while 
thoM showing coloration (c) are referable to the Neolithic 
period.^ In any large series of flint implements there will be 
exceptions to this classification. Thus, in the early cul¬ 
tures grouped under (a), there may appear a few specimens 
that either do not exhibit any colour change upon their flaked 
surfaces, or show a blue, or a white patination, or, in the cultures 
grouped under (A), some specimens may show a chestnut-brown 
colour or no colour change at all, and in group (c) there may 
appear implenients showing a white or a blue patination. 
But though this is the case, there cannot be any doubt that 
the majority of the oldest types of specimens are grouped 
under (a), the less ancient under (b), and the latest under (c). 
When^ however, the examination is carried farther, we realise 
that, in ^oup (a), the oldest implements, the Eoliths and the 
Ih'e 4 !^ellian specimens, e:diibit the darkest shade of brown, 
the Early Chellian a less dark tone of this colour, while the 
Later Chellian and Acheulian implements are of a much lighter, 
idiestnut-brown, shade. ITius it becomes clear, in r^;ard to 
the specimens of group (a), that a certain type of patination is 
Indicative of annuity, and that the conditions giving rise 
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to a brown coloration upon the flints opmited with progres^vdy 
less intensity during tne great period of time represented by 
the cultures in this group. Though our present knowledge 
of the remarkable changes of colour that take place in the 
flaked surfaces of the flint—the results of which are known as 
** patination ”—^is very small and inadequate, yet one or two 
facts, ascertained by experiment, have enabled us to form 
some idea of how a few of these changes may have been brought 
about. It is known that the interior of a freshly broken, sound 
flint of good quality is very hard and the attempts to colour 
such a surface by placing the specimens in various staining 
agents—^and without having resort to heat in the experiment-—- 
were unavailing. 

When, however, the flint was subjected to the fumes of 
hydrofluoric acid for a few moments it was noticed that the 
specimen first became blue and, as the process was continued, 
a dense white. When this stage was reached the flint was 
again immersed in a stain, and after a time became definitely, 
and permanently, coloured. Thus it is obvious that the 
effect of the fumes of hydrofluoric acid produces a change in 
the surfaces of the specimen, and enables them to absorb a 
stain. Judging from this evidence, it seems reasonable to 
suppose that the flint implements that exhibit a dark mahogany 
or other shade of brown have gone through a similar—^though 
much less rapid—^process to that described, that is to say, 
they were first subjected to some solvent which made their 
Biulaces white and absorbent, and that they were afterwards 
immersed in some material which permanently stained these 
surfaces. Now, upon the surface of the ground in many parts 
of the country are to be seen large numbers of humanly 
flaked flints that are coloured either blue or white. If one 
of these specimens is broken, it is seen that the interior of the 
flint has suffered no colour change and that the patinated 
surface is visible as a thin layer surrounding the fractured 
area. Further, an examination of these blue and white flints 
will show that the former colour is due to the fact that 
the patinating process has not progressed very far, and that 
the blue appearance is due to a thin film of white spread over 
the originm black surface. When the process of patination has 
progressed so that the black of the original surface is no longer 
partly visible, then the specimen appears as a dense white. 
^ far as we know, this change occurs only upon (a) flints 
ei^iosed upon a land surface or (b) buried in certain pervious, 
sous, just beneath such a surface; and so it is supposed that 
the ancient flint implements of group (o) were—^as is in every way 
likely—^exposed, for a prolonged pmod, upon, or in, a land 
surface' and there acquired a white patination. Eventual)^, 
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were buried beneath deposits which, it seems, miut hayt^ 
hwa very rich in salts of iron, and that their long sojourn ih 
tibese ferruginous beds had the.effect of staining them. But, 
as the oldest flints in group (a) are the most stained, and as 
the stain gets progressively less in the later members of the 
CToup, we conclude that either the bed that sheltered the 
Eoliths and the Pre-Chellian specimens was richer in iron salts 
than that which sheltered the Early Chellian, while those 
deposits which sheltered the Later Chellian and Acheuliai^ 
implements were still less ferruginous, or that these latter 
specimens were not exposed sufficiently long to atmospheric 
conditions upon a land surface to have produced, upon their 
flaked surfaces, the white, absorbent patination such, as is 
known, readily takes a stain. 

When we pass to group (b), containing specimens of Late 
Acheulian, Mousterian, and Upper Palajolithic types, which 
exhibit either a streaky coloration of black and white or a 
dense blue or white, we see that, as in group (a), these patina- 
tions are, generally speaking, more marked upon the earlier 
members of the group, and that, in consequence, patination 
in this group is again indicative of antiquity. The streaky 
“ basket-work ” coloration is remarkable both as regards its 
mode of occurrence upon flint implements and its origin. So 
far as my knowledge extends this particular patination is not 
found upon any specimens earlier in date than Late Acheulian, 
and one must conclude that the conditions giving rise to it 
had not appeared until that period. Many Late Acheulian 
implements, however, exhibit basket-work patination in a 
well-marked form, but it is in the succeeding Early Mousterian 
phase that it is most definite and noticeable, while in the 
succeeding culture stages it becomes less and less apparent. 
The exact cause of this peculiar coloration, which takes the 
form of white streaks—^which meander over the otherwise 
unchanged surface of the original flint—is not at present 
Imown, but it would'appear probable that it may have been 
given rise to by various causes. I have been able to examine 
ft great number of flints from the Upper Chalky Boulder Clay 
of Suffolk, and other deposits, which exhibit this coloration, 
and this examination has shown me that the white streaks 
certainly differ in their origin. The great majority apprar as 
white, wavy lines in the surface of the flint, and ejoiibit no 
^her peculiarities, and the origin of such lines is very obscure. 
They may represent areas in the flint surface which for some 
unknown reason are less hard than that surrounding them, 

have thus become affected by the agent of patinatibn, 
.winch has failed to affect the harder portions of that surface, 
^ they may be, as it were, “ roots " of the cortex of the flint, 
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exposed when the specimen was flaked, or they may have^luid 
their origin in the dissolving action of vegetable reota. 
Personally, I favour this last suggestion, because I haive 
sometimes found pieces of fossil bone associated with the 
basket-work flints, and these bones exhibit, on their surfaces, 
a series of wavy lines, which are etched out and appear almost 
certainly to be due to root action. In the case of the flima— 
as would be expected—^the white lines are not etched out, but 
this is due, in all probability, to the greater hardness of the 
flint surfaces as compared with those of the bones. A certain 
number of these white lines have, however, developed where 
the flint surface has been scratched, because, under a lens/ 
the path of the agent of striation can be clearly traced by 
observing the “ centipede marks " produced upon a flint surface 
by the pressure of a point moving across it under pressure. 
Such lines are, usually, more or less straight, and thus differ 
from those which follow a meandering course. In the experi¬ 
mental work I carried out it was found that when a piece of 
freshly broken flint was struck with another stone, and 
incipient cones of percussion produced upon it, or when any 
bruising of the surface of the specimen occurred, these bruised 
areas were very susceptible to the artificial patinating agents 
used in the experiments. In fact, it became clear that these 
agents “ picked out ’’ such areas and whitened them, whUe 
the other, unbruised portions of the flint were not affected. 
The same order of events evidently obtained in the past when 
the implements were striated and then subjected to some agent 
of patination. 

When a flint exhibits merely these straight white lines due 
to striation, it cannot be said to show a true basket-work ” 
patination; but in some cases the lines on one and the same 
specimen may be of both kinds. A further suggestion regarding 
tne origin of these white lines is that they may be due to 
fossiliferous inclusions in the flint, which would give rise 
soft areas susceptible to patination, but I do not regard this 
as at all probable. If one of the specimens exhibiting basket- 
work coloration be broken across it is seen that the whitraed 
areas are of exceeding thinness and do not penetrate fm: sato 
the flint. 

The late Mr. E. T. Lingwood found that when flints patinated . 
white were immersed in oil for some time, the patination 
disappeared, but that, after the specimens had been taken out 
of the oil and exposed to the air for some time, the v^te 
coloration, in most cases, returned. But, with some of 
flints with which he experimented, the surfaces did not r^um 
to their forma condition, but snowed a streaky colpratbn. 
Ihese specimens ht spoke of as bdng partly *' de-patinatadii" 
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moA suggested to me that the basket-work patiuation was the 
remains of a former wholly white surface. 

In some instances, the unflaked cortex of the specimen 
also exhibits the basket-work patination, though it is not so 
noticeable here as upon the flaked surfaces, and, after full 
consideration of the whole problem, I incline to the opinion 
t^t this peculiar coloration has been due to root action, 
though why such action should have manifested itself so 
markedly in Early Mousterian times is at present an insoluble 
problem. The other specimens in group (b) that are coloured 
a white or a blue can be explained upon the supposition that 
they had lain upon a land surface for a sufficient period to have 
these colours imposed upon them, and were then incorporated 
with the deposits beneath, and in which they are now found. 
The Neolithic implements included under group (c), which do 
not show any colour change of their flaked surfaces, may be 
regarded as those which have not been exposed to atmospheric 
conditions long enough to allow of the patinating process 
having any effect upon them. Thus, in these three groups 
of implements, we see that the earliest distinctly tend to 
exhibit an ochreous colour, that the less ancient do not show 
this tendency, but exhibit a “ basket-work,” or blue, or white 
coloration, while the latest of all do not show a colour 
change of any kind. 

Sometimes one finds, in a very fOTUginous deposit, flaked 
flints which are either blue or white in colour, and these hsve 
evidently not been stained by the material surrounding them. 
At first sight this appears very difficult to explain, but an 
examination of these particular specimens will generally 
show that their flaked surfaces carry a well-marked glaze, 
and when this has been imposed upon a flint it appears to 
m^e it impervious to any further staining agents. The 
origin of this glaze upon flints, which is best seen upon the 
well-known specimens from Savernake, in Wiltshire, is at 
present uknown, but various suggestions, such as (a) the action 
of blown sand, or (6) of running water with sand in suspension, 
and (c) redeposition of silica, have been put forward to account 
for it. So tar as I am aware there is no definite evidence in 
existence to show that flints patinate a white or a blue colour 
while buried deeply beneath the surface. On the other hand, 
there would appear to be very good reason to believe that 
these colours are imposed on specimens lying either upon 
or |ust beneath that surface. In the first place, in many parts 
of idle country there are to be seen upon the surface of the 
fields vatt spreads of flints exhibiting a blue or a vffiite 
doimtilpn, vmich woulkl seem to point to the fact that the 
petisAtion of these specimens took place in the position where 

*7 
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th^ are now found. Secondly, in one of the ^reat workshgm 
floors which I investigated at the famous flint-mmes at Grime's 
Graves, Norfolk, where the mass of the flint flakes and broken 
pieces averaged three to four feet in thickness, it was notit^ 
that the flints nearest the surface of the ground were white 
on both surfaces, those a little lower down were white on the 
upper surface and blue underneath, those lower still wore 
blue on the upper surface and black underneath, while those 
at the bottom, resting upon the white chalk, were black and 
unchanged on both surfaces. This evidence seems to show 
dearly that the agent of patination was acting from above 
downwards, and that its effect became less and less, and finally 
ceased at a depth of about 3 feet from the sunace. Ina- 
dentaily, this discovery also shows that, at the site investigated, 
the white chalk did not whiten the flints in contact with it. 
Unfortunatdy, we do not know what it is in nature that 
patinates flints, but it is evident that some widespread cause 
has been, and no doubt is still, in operation. It has been 
suggested that rain-water charged with CO, might, in the 
course of a prolonged period, produce patination on flints, and 
this view would seem to be, in a measure, supported by the 
apparent slowness with which the process acts. For instance, 
an examination I have carried out of numerous churches, ana 
other ancient buildings built of dressed flint, has failed to 
reveal to me any really noticeable colour change in the exposed 
surfaces of the stones, and the latest flint implements found 
upon the present land surface, which must have been exposed 
there for several thousands of years, are not patinated. The 
only experimental evidence Imown to me, which perhaps 
supports the idea that rain-water charged with CO, may 
have been the cause of the patination of flints, was provided 
by the late Dr. Canton, who placed some newly broken, sound 
black flints in a gasogene for about twelve months, and, at 
the end of that time, a very slight bluish tinge was to be 
seen upon portions of the surfaces of some of the specimens. 
It is Known that certain flints dug from the chalk by the 

f un-flint makers of Brandon show, soon after having IxMai 
roken and exposed to the air, a bluish tinge, but, ,,r ^ 

this, it can only be said that this is not the case witnother 
specimens from different parts of the country. The flints 
found in the workshop floor at Grime’s Graves, already 
mentioned, that show a dense white patination on their upper 
surface and a light blue up^n the lower, are what is known as 
" doubly patinated ” specimens, a somewhat unsatisfoctoiy 
term. Now experiment has shown that the most patinated u 
the softer surface of such a flint, and in the vicissitudes throu|^ 
which the spedmen passes, sum as rolling in a river-bed in;' 
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being subjected to striation, the fact of the differi^ hardness 
of the two surfaces will make itself manifest. Thus, it is 
possible to see some Palxolithic implements exhibiting two 
unequally patinated surfaces that show, on the softer side, 
much wear and deeply marked stri®, while the other, harder 
surface is comparatively unaflFected. The difference in appear¬ 
ance of the two sides is, in fact, so great that unless a careful 
examination is made the conclusion might be drawn that the 
deeply patinated surface is actually much older than the 
other. Occasionally, one sees an implement where the two 
surfaces are of different ages, but, in my experience, this is 
rather rare. There would seem no doubt that the effect of 
jatination is to slightly dissolve the surface of a flint, and I 
lave seen specimens taken from an undisturbed occupation- 
evel of which the upper patinated side appeared to have 
>een subjected to slight amount of rolling, but which was 
due solely to the effect of patination. In every case which 
has come under my notice of doubly patinated flints occurring 
in an undisturbed floor, the patinated side of the specimen has 
always been that which is nearest to the surface soil, and, 
if this is true in all cases, then we know that when we find a 
palsolith in a deposit of gravel, which shows a double patination, 
this specimen was originally on, or just beneath, a land 
surface, with the side that is most patinated uppermost. In 
the Warren Hill gravel in north-west Suffolk there are found 
a large number of Paleolithic implements exhibiting double 
patination, and many which show a peculiar speckled yellow 
and black coloration. In most cases, this latter appearance has 
been produced by the flint first being struck by other stones 
during rolling by water action, and incipient cones of percussion 
formed in its surfaces. These bruises have afforded areas 
where the patinating agent could take effect, while the other, 
unbruised portions of the flint show no colour change. 

From the foregoing brief account of some of the colour 
and other changes that take place in the flaked surfaces of 
flints it will be realised that the subject is somewhat complex, 
and, I fear, very little understood. The whole question of 
“ patination ” should be investigated by competent chemists 
and physicists, and until this is done we shall not attain to 
any undeistanding of what is, without doubt, a very important, 
and practically unexplored, subject. 



THE SCIENTIFIC VALUE OF COLOUR 
IN INDUSTRY' 

Br W. G. RAFF^, A.R.C.A. (London) 

FtUow of the InsHtuie of British Decorators, and Member of the Illuminating 
Engineering Society, 

The development of that absorbingly interesting phase of 
modern industry now generally termed “ scientific manage¬ 
ment ’’ is one full of both scientific and artistic scope, for use 
and for further research and invention. When the first results 
of early experiments became manifest, even the experimenters 
were surprised at some of their findings. Age-old traditional 
methods and tools were proved to be not the survival of the 
fittest by any means, but merely the survival of the accepted 
and ordinary normal workers' idea of tool or method. Thb 
long history of empirical development had in many instances 
shown but the slightest perceptible improvements, during quite 
long p«iods. The hammer and the square suffered but slight 
change in their actual use, and not much more in their material 
and mode of manufacture, until quite recently. Before the 
days of the mass-production in small-tool factories, the artban 
had to get hb hammer made by a local smith, and possibly 
made his square himself, a long and arduous job to get anywhere 
near correct. 

The methods of scientific factory investigation, therefore, 
took up the problem of the workers’ tools, his machines, and 
also the worker himself, and in spite of certain understandable 
opposition on hb part, succeeded in showing beyond con¬ 
troversy that the former traditional empirical methods were 
insufficient to meet modern needs, and were moreover definitely 
wasteful of time and energy in labour, and also of material and 
results. 

These researches did not end here, but then spread, in par¬ 
ticular when new factories were imder consideration, to working 
out a proper “ progress ” scheme for the whole factory. The 
building was no longer left to the whims of the architect, and 
hb preoccupation with " styles ” firom museums, but the 
managing engineer took a large share in the problems of 
functions planning. Thus, the confusion that formerly existed 

. * Copyright by the Anthor, 
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vcsy generally in buildi^ which had been adopted and adapted 
to factory use, and which sometimes had additions built on to 
them quite casually when required, is now a thing of the past, 
except in a few old-fashioned places here and there, which are 
inevitably losing ground by their lack of modem methods and 
sound organisation. 

Developments had got so far, before the wartime era 
necessitated a tremendous speeding up of certain productions 
and a great and continuous concentration of effort in definite 
lines. While time could not, in the majority of places, be 
spared for new buildings, it became definitely necessary to 
study method and eliminate every obvibus hindrance to speed 
and surety of production. From costing methods and inter¬ 
change of technical data, to the introduction of skilled pro¬ 
fessional technical teachers, these improvements then turned 
to that phase which became known as welfare work, and which 
has unfortunately almost disappeared in Great Britain, except 
in relatively few factories owned by enlightened firms who 
realise fully the great value it has in maintaining a long-term 
staff, all in a contented state. 

The last of the widespread developments in factory efficiency 
has been in two directions, in connection with the actual buildi- 
ings rather than with any concern for the workers as such. 
Necessity for economy having become manifest, it has been 
found possible, by deliberate design in the painting and in the 
illuminating, to effect considerable savings in the light bill. 
It is these factors of colour and light, which have been the 
last to be scientifically considered, that we will deal with here. 
Yet it seems strange that what are in actual fact two of the 

E eatest and first necessities of all industry should yet be the 
5 t to be subjected to closely detailed scientific inquiry, and 
that when it did finally occur, that it should be compelled 
rather by strin^nt need for economy than by a normal desire 
for increased efficiency, through any means possible, in all the 
factors concerned in modern production. 

The climate and the seasons of Great Britain being what 
they are, there is great need for artificial lighting in very many 
industries. And the cost of light was found too much in 
proportion to the service it gave. Lighting systems were out 
of date, inefficient, and wrongly designed ; while the interiors of 
factories and warehouses had simply been painted any colour 
which the foreman had happened to ask the decorator to put 
on, for the amount of money available. New lamps were put 
into old fittings; light was dispersed instead of being concen¬ 
trated ; current wasted in naked lamps, often in the wrong 
place. Whitewash might be slapped on once in the statutory 
lavtn years. Hant went entirely unpainted. It was all em- 
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pirical; It did not seem to have any direct bearing on 
economy, and not any at all on production. But it wm 
eventually found that the right paint and the right light in 
the right place gave more service at the same or even less cost. 
The reasons for this are explained below. 

The value of colour in industry lies in its universality, as 
also that of light. All humanity live in and by light, which 
gives us colours. Whether we design it so or not, colour enters 
into homes, stores, offices, and factories, in every object in them, 
and in the structure itself. We cannot avoid colour any more 
than light. Its very ubiquity has prevented it being turned 
to the fullest scientific industrial account. 

The human mind gains the major part of its life experience 
through and by colour and light, by vision. Hence the power 
of the cinemas, even without the beauty of full colour. Hence 
the great attractions of theatrical spectacles, with their fre¬ 
quently well-designed displays of light and colour, often the 
best part of such shows. If colour can exert such attraction 
in this particular phase of art, it were folly to neglect its power 
in the realm of industry. It has, of course, been well used by 
designers of advertising for a good period. But that is the 
selling end of the job. In the more important factory end 
and the midway necessities of transport, colour has scarcely 
been utilised at all in a complete psychological manner. 

The eye differentiates all visible objects by form and colour, 
from infancy, through repeated experience. Qualities at first 
known and learned by touch are later recognised by sight alone. 
The position of objects in space is gauged by colour as well as 
form. All of this is practically subconscious. Except in the 
case of the trained artist, few people consciously realise what 
work the eye unconsciously does for them through long habitual 
training. Therefore colour has been neglected in the factory. 
In the store it is used as an artistic element. Its scientific value 
is scarcely realised, in its power in displaying or suggesting 
quality, even as form suggests quantity. 

The central power of colour lies in its value for visual 
cognition and recognition. Colour properly placed on form 
emphasises that form. Colour is the true base of publicity, 
the science and art of making things and facts visible. Its use 
is to make things easy to see, easy to grasp, easy to understand. 
It is done mainly by proper contrast, in the proper place, as 
the contrast of black print on white paper: of red light or 
^een on the railway, and a thousand other ways, usually 
isolated and customai^ rather than scientifically planned. 
Nature makes things visible or obscure by means of light and 
colour ; we must use her principles but not her details for our 
human arts. We must use colour scientifically for pubfidty/ 
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at work and play. The adequate use of scientific colour and 
lighting means improvement on very many phases. These 
include increased efficiency and ease in working; increased 
economy in overhead charges ; a more contented staff; and 
a great diminution in the proportion of accidents, whether 
those injurious or fatal to workers, or costly damage to plant. 
All this psychologically follows on the introduction of scientific 
publicity m terms of light and colour. Darkness and dirt 
inevitably spell confusion, waste, delay, accidents, damage 
and disease. Sound and scientific organisation necessitates 
their elimination from industry. We need not trouble much 
about artistic industrial colour; let us have it scientifically 
adjusted to human beings : the rest will follow. 

Publicity in the widest sense is of course of much vaster 
scope than merely advertising, and has a greater utility than 
solely in commercial aims. Nature has and uses methods of 
publicity, we are told, when her flowers are brightly coloured 
to attract bees—that is, if bees really do see colour in the same 
way that we do. It is much more probable that flower colours 
are due to expression of the natural quality of some other power 
of attraction which is more obvious to bees, and far less so 
to us. Artificial flowers do not deceive bees. 

But, in the realms of human industry and art, it is both 
necessary and advisable that publicity methods shall be fully 
and adequately utilised. This does not mean a conscious and 
widespread commercial effort to advertise. It means the 
scientific use of art, in form and colour, to make the world a 
more pleasant place to live in, to work in, and an easier place 
to find one’s way about in, when in strange cities or buildings. 

Publicity is the antithesis of camouflage. During a war, 
each side endeavours to hide its movements, its possessions, 
and its aims from the other crowd, who also do likewise. Upon 
tteir skill in concealment of facts, and in distraction and diver¬ 
sion of the attention of the opposition crowd, much of their 
success, or alternatively their lack of complete failure, directly 
depends. Curiously enough—^and it comes as a shock to the 
unobservant—^the canumfleur used bright colours much more 
fi^uently than dull colours, more especially at sea. It was 
actually found that bright colours in small quantities are more 
confusing, because they allow of more immediate contrast 
with each other, apart from their total contrast with sur- 
rounditi^. It was mund that the deliberate contradiction of 
form by broken and wrongly emphasised colour gave the best 
stotionary camouflage possible, while for a moving object 
moken forms with sluup colours^ still bright, proved best. 

Yet we find some people smouslv setting about publicity, 
and spending money and time, without any clear notion of 
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what the real foundational principles of publicity really are. 
This results in their sending out advertising work which actually 
comes nearer a definition of camouflage than of real publicity. 
They use confused forms, and realistic colour with a multitude 
of details ; realistic pictures that may pass muster when seen 
inside an office, but which, when seen in actual use in the street, 
or in some periodical against others, are lost. There is too 
much unintentional camouflage in industry. What is needed 
is breadth, clarity, strength, brilliance of colour, a good pro¬ 
portion, and not too muw detail at a time. 

The aims of publicity are numerous. The decoration of 
nature is always the combination of scientific colour with beauty 
of tone and juxtaposition. All natural colours indicate some 
function or quality of the object which produces them, and they 
are never accidental; even when a divergence from type produces 
a divergence in colour, it is because of difference in function in 
some way. The quality of the object is balanced by the quality 
of the environment, both revealed by light. But man has more 
uses for colour than nature, for she does not trade nor make 
profit, she is a solely co-operative concern who gives with one 
hand and takes away with the other. Her most marvellous 
and most notable colours are the shortest-lived, as in the sunrise 
and sunset, or smaller and more enduring, as in a flower or 
a gem. In art we do best not to copy the detail of nature, 
but to study her inward principles, and use their laws to gain 
our totally different effects, since working in natural material 
we must use natural law, which is exactly the same as artistic 
law, no more, no less, but applied in relation to the needs of 
humanity. 

Publicity,” in its widest sense, means making things 
visible or public to the eye or ear. It is another word for art 
in its definitely social aspect, the art of telling somebody about 
something. Advertising is the conscious way of doing it, but 
the decorators’ way is often subconsciousness. When we erect 
a building of any kind, it is intended for the use of human 
beings, and its structural proportions must be designed with 
that in view, and also its colour with the internal lighting, 
It is then the duty of the decorator to preserve the walls, to 
beautify their surface in doing so, at the same time preserving 
the great amount of daylight that comes in, or maldng the 
most of artificial light that is provided. Actually, decorating 
and lighting must work hand in hand, for neither can function 
at its very best without considering the other. Light and 
colour are the right and left hands of decorative art, but they 
are the dual necessities of the more fundamental necessities of 
scientific art—the art of preserving the fabric, while at the same 
time catching and preserving daylight and arlifioial light* 
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The factors of publicity include, as well as light and colour, 
either artificial or natural, the human eye and the mind, with 
all its peculiarities and its previous experience, varying as it 
necessarily does in each individual, which fact accounts for 
the natural divergences in “ taste ” in colour and art. 

Without light there is no colour, but without the e^ 
there might just as well be neither light nor colour for all the 
observation that could be made. And without the mind, 
there can be only a momentary and mechanical register of a 
mere fraction of the beauty of colour, scientifically obtained, 
without either discrimination or wilful selection—^as by the 
camera. The eye and the mind simultaneously train each other 
to observation from babyhood, until we become adults and have 
quite forgotten all the hard work of learning to see—unless we 
turn to study art, and find that we have not learned to see 
a quarter as much as we thought we had, and find that we 
only partially see, after all. Yet true seeing means true 
knowledge. 

The act of seeing is to note and to judge the relations which 
we observe between certain objects, and their colours, according 
to the light falling on them, which, reflected to the eye, renders 
vision possible. Each judgment is necessarily made with 
reference to all past experience, usually quite subconsciously. 
We can take in only one or two new aspects of a thing at a 
time, whether by eye or mind. The more experience we have 
had of seeing and observing colour very carefully, the more 
easily do we judge correctly concerning any new item or 
combination which we meet, and the more surely we can use 
it in our work. But how many people can accurately remember 
a colour ? 

The well-trained artist, understanding something of the 
interrelation of these many various factors, will deliberately 
arrange them in accordance with the total effect desired. 
According to the light available, he will select and apply colour, 
to obtain the desired result. He will obtain the b^t scientific 
conditions, and then go beyond mere utility to the beauty of 
good decoration, which costs so little more in labour, but yet 
achieves so great an effect on the more subtle parts of the mind. 
For harmony in colour induces harmony in the mind, and as 
most of us react in the same way to most normal stimuli the 
likenesses are more frequent than the differences. Abntnrmal 
colour schemes are thus only desired by or suited to abnormal 
people, although a brief experience of abnormal colour is often 
exhilarating, just as a brief experience of some unusual beverage 
ni^be. Neither are fit for regular use. 

The Psychological Methods of Publicity or visibility may 
pe obtaia^ j|a two wajhi. It can exercise its effect <ni the 
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mind consciously or unconsciously. It is possible and usual 
in most commercial use of colour to have both effects co¬ 
incident. This is due to the fact that we are able to mve an 
instinctive attention or an habitual attention, to which^ is 
superadded a conscious attention, often focussed on something 
else, in entire ignorance of that which the lower attention hM 
noted. A simple instance of this is the dual act of turning in 
the gateway of our own house while talking vigorously with 
a friend. The act of walking and of turning in at the right 
place is performed quite subconsciously, when our higher atten¬ 
tion is concentrated on our conversation. 

In a similar way, methods of using of colour with which 
we have ourselves been familiar for years do not attract our 
attention, although they will attract that of others. The 
power of much advertising is greatly discounted by too great 
a familiarity with the advertisement or even the object itself. 
We see something we have seen many times, and subconsciously 
do not receive stimulus enough to arouse our conscious atten¬ 
tion, so that we have no curiosity concerning it. The tourist 
sees more of external London than does the Londoner. If 
we saw all the street lamps painted a vivid scarlet, we should 
notice it, but only at first. We see all the pillar-boxes coloured 
bright red, and therefore never notice them, so that we m^ht 
pass several when staying at a seaside resort, and when later we 
wish to post a letter cannot remember exactly where one was. 

The type of publicity that desires to pound away into the 
subconscious mind of the man in the street must not be sur¬ 
prised if the message gets there—and stops there I It is novelty 
that attracts curiosity, the old thing in the new way. Art is 
displayed in the treatment of the problem in relation to the 
end desired. Differences may be slight, but must be notable. 

Colour may be used to attract or to w^n. Commercially 
the former is most required in advertising, while warning is 
frequently needed in factories. Colour to attract must be 
visible, bright, pleasant, and not too customary. To warn, 
colour must be sudden and startling, if not on a conventional 
and accepted mode, as red lamps. Light and colour exercise 
a reciprocal influence on each other, esi^cially when within a 
building. The use of colour when deliberately applied in a 
scientific manner is to differentiate forms from other forms, xtr 
spaces from other sptapes. The use of colour when artisticdly 
applied is to make this differentiation pleasurable and beautiful, 
in addition to the mere visual efficiency achieved by science 
alone. Thus the psychic element of pleasure is added to t^ 
merely physical-utility. 

Without colour, we have to depend on light alone for help 
in observation of form, and if all objects were unifcMrmly ocfloiiiied 
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this would be very difficult, particularly in the open, and under 
a diffused light. Thus an object such as a sphere, suspended 
before a background of the same colour as itself, and lighted 
uniformly from all sides, with the background receiving the 
same light, can scarcely be distinguished. Uniformity of light 
and uniformity of colour are the characteristics of interstellar 
space, and as such cancel out into complete invisibility, except 
sources of light energy, or reflectors of it. 

When we have through sunlight or through well-planned 
artificial light a uniformity of illumination, then we have to 
obtain a variety of colour in order to make observation—and 
therefore movement and action in our surroundings—as easy 
as possible. Dirt and soot are respectively the natural and the 
unnatural enemies of colour, in our cities, by reducing it down 
to a dull uniformity of black grime. Our colour must not be 
varied, however, in just a whimsical or a merely fashionable 
manner ; it must be so ordered as to definitely make visible 
and emphasise the functional parts of buildings and of machines. 

The definition, therefore, of what publicity in colour b 
actually, is thus shown to be the careful and scientific applica¬ 
tion of selected hues to chosen parts of an object, such as a 
building or a ship, to ensure that the full use of the structure is 
made as easy as possible. The colour may be added pigment, 
or may be the natural or artificial self-colour of the material of 
the structure. When paint is applied, it should serve a triple 
purpose. It is first usually essential to preserve the material 
of the structure from rapid decay ; it is next necessary to pro¬ 
vide ‘I publicity ” or “ visibility ” ; and it may finally rise to 
an artistic level as decoration by further care in the harmonious 
selection and juxtaposition of colours and shades. But if this 
final aim be pursued in ignorance of the first or second, then 
we may justly criticise such decoration in most adverse terms. 

The practical methods to be adopted in any form of publicity 
will obviously depend on the aim. According to the function, 
so will be the form, as in all nature and all good art. So also 
vwll materials be chosen, and the time and place for their opera¬ 
tion. It is fatal to good art to accept the imitation of nature 
as art, and here we meet the first great difference between art 
and nature in achieving a purpose. Nature can apparently do 
work very efficiently in an unconscious mode, incomprehensible 
to our minds. But we, if we desire to obtain a certain result, 
must know consciously what it is and also how to reach it. 
Whether our object is to be attained through other persons, 
attractinp; them subconsciously or consciously, we cannot do 
it well without being fully conscious of our aim, our method of 
work, and how to use it. Art is not done by dreaming, but 

very vivid attention. In other words, we must make some 
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careful and 63rrtematic study of the ways in which odour and 
form subconsciously influence ordinary people, so that we can 
consciously utilise those principles in our daily work. 

In the commercial publicity of shops and stores, it is even¬ 
tual sales that are desired. To obtain this result, several 
factors are necessary. Having made goods or supplied services, 
the public must be told what interest they have in knowing 
about them, and how they wHl be benefited by the use of such 
things. Thus, information, then suggestion and persuasion, 
and finally reminding, must be used in turn, whether personally 
or by some artistic means. Equally there must be avoided 
any depreciation, overstatement, or false statement. Ob¬ 
viously the first aim is best achieved by pleasant means, in¬ 
formation given cheerfully, pleasant persuasion, gentle remind¬ 
ing. Information is best given clearly by clear forms and 
clear bright colours, well lighted and in suitable places. But 
the latter aims make themselves unpleasant by unwanted or 
undesirable information, aggressive suggestion and impudent 
persuasion or noisy and blatant reminders; and when art is 
used, make that art seem unpleasant too, by their association. 
Few men in civil life would buy or wear khaki-coloured 
clothing—because the colour has unpleasant associations for 
most men. 

In our present system of civilisation, however, undue 
emphasis has been placed on the selling end of the system, in 
particular relation to the use of art as a factor in salesmanship. 
In the place of origin of commodities, however, we find that 
science has been emphasised more, and frequently art does not 
appear at all. An endeavour is now being made to place the 
whole course of industry on a better balanced system, and we 
thus find the introduction of scientific psychology, as applied 
to art in form and colour, when used for selling, while we can 
now see the beginning of a system of using well-organised art 
in the factory as an aid to production. 

The objects of colour decoration with applied pigments in 
paint form have been described. They must fa) be preservative, 
(6) have cognitional or visibility value, and (c) have decorative 
or artistic value. Now, if it is found advisable to utilise all the 
resources of decorative art in a store for selling, because of the 
pleasurable effect they have on the buyers, it is surely no less 
advisable to have at least some care for colour and lighti^ 
effects in a factory or warehouse, where the same art wiU 
exercise the same influence. Doubtless, decorative work on 
the same scale is uneconomical and thus impossible. But when 
it has been found that actual economy has resulted ^in 
painting light" by reducing the consumption of 8rti&^ 
li|^t, and by postponing for a few minutes daily the time 
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li ghting up, by reason of the increased period of daylight use, 
it has Men geno’ally agreed that care in simple decoration is 
very well worth while. The paint and the labour cost no 
more—^the only extra is the use of skilled brains to decide what 
paint shall be used. 

Yet there is still a further influence. That is the emotional 
condition of the workers. It has been observed, for instance, 
that towards the end of the day, when light fails, that their 
eneigies too have dropped, and there is a very definite drop in 
the graphic curve of production. This has been obviated by 
the use of properly designed artificial light. The increase of 
illuminating power has been more than balanced by increased 
production for the period of use of the installation. Any 
source of artificial light, however, is only a part of the problem, 
which only concerns a few hours of morning and evening. 
Colour problems, on the other hand, are potent every hour, all 
day, every day. 

Sunlight, coloured artificial light, and pleasing schemes of 
colour decoration are now among those factors of life which are 
admitted to have a beneficial influence on health. Their 
financial value is such that people will gladly pay to get to 
places where these benefits exist. Medical treatment realises 
the value, and they are included in modern therapeutic treat¬ 
ment. Just as their presence will aid the restoration of lost 
health, so they will maintain normal health. And the absence 
of good light and colour over long periods will inevitably destroy 
health and efficiency. The psychic effect in the factory is as 
marked as the physical effect. Bad ventilation slackens ^eed 
physically, and bad colour puts on a psychic brake. Good 
colour and good light are a continual approbation to the un¬ 
conscious need of the worker. 

The lack of interest which many workers display towards 
their work is in no small part due to their uninteresting sur¬ 
roundings. Women in particular are very susceptible in this 
respect. While they were engaged on war work it was noted 
that the supply of a mirror, and singing while at work, helped 
very considerably to cheerfulness, and thus to better work. 
There is no question that we all work better when we feel more 
cheerful. We work better on a sunny day than on a foggy 
and dull day. It remains for scientific management to rise 
from the consideration of materials, of labour reactions in 
muscle movement, to psychic reactions arising from light and 
colour. They are more subtle, but none the less powerful. We 
all feel more pissed to be in a garden than in a coal-cellar—-but 
how many factories, offices, warehouses, and stores resemble 
the dingy drabness of a gloomy cellar, depressing in every way 1 
Th» is neither necessary nor right. 
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It is possible to have sunshine " by a very near approach 
to it, in psychological suggestion, in the factory as a regular 
thing in all but a few exceptional types of place. Thus, ad¬ 
ditional to the merely negative side of using colour in aiding 
economy by avoiding waste of light, there exists the ve^ 
powerful positive value of light, together with the powerful aid 
of colour, by which an increase of effort can be maintained. 
Not only that, but in many factories where unskilled, or rela¬ 
tively unskilled, labour is general, there is a large labour turn¬ 
over during the course of a year, which means training of new 
workers. This can be reduced by a full recognition of the 
very simple fact that human beings have a natural preference 
for working in a pleasant place, rather than an unpleasant one. 
Many employers have not the faintest conception of the reasons 
which will induce people to leave a job for another of exactly 
the same kind.* It is very often, especially in the case of 
women, or of highly skilled men, some quite minor factor 
which has become disagreeable to them: which they do not 
themselves think of altering or asking for alteration, and there¬ 
fore leave. 

So far, colour has referred to schemes of decoration, ob¬ 
viously in the main for walls, the wood or metal frames of 
windows and doors, etc. But in places with much machinery, 
close attention to the colour of the machines is of great value. 
Good visibility is all-important here. It is essential for the 
operative to be able to easily see without strain the object 
being worked on, and the action of the machine, against the 
bacl^ound of some other part. It is amazing how many 
Workers are forced to labour in situations of a most incon¬ 
venient nature, all because the supposed organising power of 
the employer or his manager is incompetent to produce the 
best possible conditions for production. Why complain of low 
production when conditions which are not in the workers' 
power to alter are themselves inefficient ? There is no 
sui^tuapr law against comfortable factories and offices. 

The little that has been written here on this vast subject of 
efficiency in colour will indicate the scope for treatment of our 
environment on a rational basis, apart from all those freaks 

‘ It might be worth the while of some of our factory psychological experts 
to compile data, from well-devised questionnaires, concerning some of the 
apparentiy trivial likes and dislikes, which affect the course of the industrial 
worker's life. Taking the very ordinary occurrence of a man voluntarily 
leaving a job. it is highly probable that a vastly larger number of reasons 
would be given, if the question is truthfully and willingly answered, than 
would be generally mmcted. It will be found that unpleasant sutroundingB, 
noise, wrong hours, lack of feeding accommodation, bad transit facilitiw, 
as w^ as personal dislikes of other members of staff, play mote important 
parts than is realised.—^W.G.R. 
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and fashions which have little real human value. Not onty in 
modern industry, but in building of every kind, is this skilled 
and thoughtful attention to light and colour very necessai^. 
Schools in particular are great sufferers from vile and ill- 
conceived colour schemes, and atrocious lighting," concerning 
which the occupants, whether teachers or taught, exercise not 
the smallest voice. Offices of all kinds, particularly in our 
great cities, are too often dark and gloomy dungeons, which 
make their inmates truly thankful to escape from them on 
the stroke of time. If employers want their people to take 
any real and live interest in work, they must do something 
definite to make the work more pleasant, by at least having 
their surroundings reasonably pleasant to work in. It is not 
difficult; it is not costly. Buildings have got to be painted 
and decorated in some colour ; lamps and fittings have got to 
be purchased : they may as well be the right ones, and be 
arranged for a clearly defined rational use. In the next decade 
we may expect to see some very marked improvements in 
industrial buildings of all kinds, and it will be all to the good if 
the workers show their preference for places in which they are 
considered, by giving better service in such environments than 
where they are not considered at all. We have to turn our 
knowledge of the science and art of light and colour to some 
definite human use. 



THE THIRST OF MAN 

Br ANDRfi L. SIMON 

Only the dead know no thirst! The living must breathe and 
drink to live. Morning dew and evening mists mean life to 
thirsty trees and parched green. Birds and beasts also are 
thirsty, and so i!s man! But the thirst of man differs from 
the thirst of clover or the thirst of ducks : the thirst of man 
is not the thirst of plants or animals for dew, rain, or river ; 
it is the thirst of a living soul within a living body, a thirst 
that no running water was ever meant to quench, a thirst 
that ever did crave for water with a soul within, the mysterious 
soul we call alcohol. 

The thirst of man is of very great antiquity : it is a truly 
noble thirst. The earliest records of the human race are 
records of the thirst of man, of man’s efforts to secure, at a 
considerable cost in time, trouble, and money, the living blood 
of the grape— fVine —or else some substitute for wine. 

Tht Vine .—^The vine has flourished upon earth far longer 
than the human race. Long before the world we live in had 
become habitable, vines grew wild from pole to pole wherever 
land emerged from the great mass of waters which had not 
yet cooled down into oceans and seas. Fossilised vine-leaves 
and tendrils, identical in shape and size, have been found in 
Iceland, Alaska, Wyoming, Japan, and different parts of 
England, France, and Central Europe, in palaeozoic and tertiary 
strata. From the beginning of the tertiary period, a consider¬ 
able number of specimens found in the whole of the northern 
hemisphere, in Europe, America, and Asia, show the gradual 
evolution of the wild vine type towards the Iritis vinifara species. 

In finds dating back to the Neolithic Period, or Stone Age, 
vine leaves and bunches of grapes are nearly always present 
among human remains. In the grottoes and pfahlbauten of 
Switzerland and Northern Italy, corn and grapes have been 
found which date back to the prehistoric lake-dwellii^ period, 
and, unlike the seeds of other fruit which have been identified 
and were always found singly or scattered about, grape-pips 
have usually been found in a compact mass, making it practically 
certain tlmt the grapes from which th^ came had been gathered 

ass 
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«od pressed together in order to extract their luscious juice 
for tne making of wine. 

Mythology. —Wine among the Ancients was not only offered 
to the gods at most sacrifices, but it was given a place among 
the gods themselves : just as beauty, majesty, courage, ana 
wisdom were worshipped under the names of Venus, Jupiter, 
Mars, and Juno, the life-giving grape, the elixir of eternal youth, 
the drink of the gods, iVine, was worshipped under the names 
of Bacchus in Roman days, and Dionysos in Greece and Asia 
Minor. 

The worship of Bacchus is proof of the universality and 
antiquity of the love of wine and of the general use of wine, as 
well as of the gratitude of man towards the particular deity 
who had, it was believed, brought upon earth from Olympus 
the divine gift of the grape. 

The worship of the wine deity originated in Asia, among 
the ^yans, and it spread wherever the Aryans migrated. In 
Persia and Armenia, as well as in Thrace, along the valley of 
the Danube and the whole of the Mediterranean seaboard, 
the Aryans found vines growing wild, and taught the natives 
how to tend them and how to make wine. Hence the simi¬ 
larity which exists to this day between the names given to wine 
among ail nations. From Vona, the Sanscrit name of wine 
the Greeks made olvof, the Romans vinum, and it is still wine, 
fVein, vin, vino, vinho In English, German, French, Italian, 
Spanish, and Portuguese ; Gvino in Georgian, Gwini in Min- 
grelian, Ghini in Armenian, Gvinal in Svan, IVain in Ethiopic, 
Gwinien in Celtic, etc. 

The worship of Bacchus and the older deities of Greece, 
Persia, and Egypt, who were Bacchus’s predecessors, was always 
greatly popular. The goat was the animal offered in sacrifice 
to Bacchus : the reason why being that one goat of old had 
dared nibble the tender shoots of a vine, a horrible crime 
indeed, the memory of which lives to this day, not in the mind 
of forgetful man, but in the very word tragedy, a word which 
means " the song of the goat,” and was originally intended to 
remind us of the ” tragic ” misdeed of the vine-eating goat. 

Ancient China. —'The Chinese believe themselves to be the 
m(»t ancient people on earth, and they are certainly entitled 
to the claim of a very early civilisation, since we read in their 
ancient records that Confucius, whose death is usually fixed 
at 478 B.C., wore a night-dress half as long again as himself— 
a state of refinement unknown in England two thousand years 
later, when even kings and queens knew not such luxury as a 
mght-dress. 

Both Confucius and the great philosopher Mencius, who 
died 288 n.c., have left many original precepts in whi<^ the 
18 
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temperate use of wine is commended and excess deprecated. 
They are also believed to have edited and perfected a series 
of books which had been handed down from generation to 
generation long before their time. In these books we find 
unmistakable proofs of the fact that from the earliest times the 
vine was cultivated on a very large scale and wine was conunonly 
used, and not uncommonly abused, by many throughout the 
land. What is known as ** The Announcement about Drunk¬ 
enness," an imperial edict believed to have been promulgated 
about iii6 B.C., is particularly illuminating in this respect: 
it denounces both the use and abuse of spirits as the cause of 
drunkenness, and shows the art of distillation to have been 
practised for well over twelve centuries before Christ. 

Th« Old Testament. —If both the Aryan and Turanian groups 
of the human race loved wine, so did the Semitic family. It 
is impossible to read the Old Testament without realising how 
important was the place held by the grape in the daily life 
and the ideals of the Hebrews of old. 

Wine is not mentioned casually in the Bible, but a number 
of different types of wine are specifically described as follows : 
Yayin, Sckechar, Tirosh, Ahsis, Khemar, Khomete, Messeek, 
Shevahrim. 

Yayin is the wine Melchisedech offered to Abraham, as did 
Jacob to Isaac and Naomi to the king. Whenever wine and 
bread are mentioned together as meaning food and drink, 
Ya^n is the name used. *' And they asked their mother, 
saying, ' Where is the com and the wine [Yayin] ? ’" 

(l^m. ii. I?). 

Yayin is the wine which " rejoices the heart of man " : 
" The men of Ephraim will be like valiant soldiers, and will 
be glad at heart, like a man who has drunk wine [Yayiny* 
(Zech. X. 7). 

Tirosh, which we find thirty-eight times in Holy Writ, has 
been translated both as " wine " and " new wine.'* In the 
majority of cases Tirosh is used to mean wine, when wine is 
mentioned at the same time as com and oil. Com, wine, and 
oil are repeatedly referred to in the Bible as the three staple 
foods necessary to the well-being of mankind—a verdict whu^ 
has been endorsed in our own da}^ by scientists who tell us 
that we want proteins ^bread) for tissue building, and to 
good the waste of albumen; carbohydrates and vitamins 
(wine) to supply the necessary dynamic power and make 
good the loss of bodily heat; and fats (oil) to build up and 
refill an indispensable store of caloric reserve. " Bams shall 
be filled with com, and presses overflow with wine [Tseesfi] 
and oil" (Joel ii. 94). 

Scheekar, which is to be found twenty-three times in Hol^ 
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Wrtti was used when wine was referr^ to as being inebriating^ 
Thus : " Give them ' wine that is inebriating' IScktekar] 
who are in afOiction, and give wine [Yayin] to them whose 
heart is sad. Let them drink and forget their misery and 
lose for ever the memory of their sorrows ’’ (Prov. xxi. 6, 7). 

Khenter, or Khamar, appears to have been a more poetical 
name for wine or to have meant a " purer wine ” than the 
ordinary beverage wine. “ Then the vine that shall yield 
the purer wine \KhemeT\ shall sing the praises of the Lord " 
(Isaiah xxvii. 2). 

Aksis refers to an aromatised wine, an early form of Hippo- 
eras. " I shall come for thee and lead thee into my mother’s 
house : there thou shalt taste of a drink of wine mixed with 
aromats [.( 4 Asts] ” (Cant. viii. 2). 

Soveh and Mimsach are used only five times in the Bible, 
and it is not quite clear to what sort of wines they refer. 

Khometz meant a poor or sour wine, and sometimes vinegar. 

Messeck referred to a blend of wine and something else, or 
of different wines. 

Shevahrim meant wine-lees, or wine with its lees. 

Many learned commentators of Holy Writ believe that 
Mount Ararat, in Armenia, was the place where Noah landed 
after the Flood, and where he first planted a vineyard. There 
can be no doubt but that Armenia was from a very early 
date the home of flourishing vineyards. Some interesting 
discoveries have been made of late years at Ibriz, near 
&egli, which have thrown much light upon the early civilisa¬ 
tion of the Hittites, or Heteans, who flourished in Asia 
Minor fifteen centuries before Christ. One of the most impor¬ 
tant finds at Ibriz is a huge bas-relief over 18 feet in height, 
representing a bountiful god dispensing bread and wine ; in 
his left hand he carries a tall sheaf of wheat, and in his right 
hand he holds a vine laden with huge bunches of grapes. 

Ep^pt .—If we wish to study the past from records of stone 
and l^m the graves of kings, we must go to Egypt, and there 
we shall find abundant proofs of the love of man for wine 
and strong drink three and four thousand years before Christ. 

The Egyptians alwa^ laid their more illustrious dead to 
rest in sumptuous chambers, with everything handy that they 
had enjoyed during their life upon earth, including food and 
drink, cups, etc. In many of these royal tombs, dating back 
to the XVIIIth dynasty, and even earlier, amphorse have 
been found which showed unmistakable traces of havii^ 
contained wine and honev. In practically all cases, carvii^, 
drawings, and writings have been found also which, being 
dedpherra, have revealed to us in the clearest possible fuhion 
how important a place strong drink in general and wine in 
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particular held in the laws, customs, and daily life of the whole 
population. 

Mr. Loret, one of the most learned of Egyptologists, has 
decohered ten different varieties of wine which were popular 
in Egypt at the time of the erection of the Pyramids. They 
are rendered as follows : 

“ White wine ; red wine ; superior wine ; second wine ; 
syenite wine ; northern wine ; midland wine ; Tokhnes wine ; 
Neha wine ; Sekhi wine.” 

The Egyptians brewed ale, and made a number of alcoholic 
beverages by blending different wines together and adding 
honey and herbs. 

Honey .—^There is every reason to believe that from the 
earliest times men added honey to thin and acid wines because 
they found them more agreeable when so sweetened. In some 
cases, if pven sufficient time and air, honeyed wine would go 
on fermenting longer and become stronger : this must have 
induced men to use honey with all sorts of bitter and acid 
berries In order to obtain some alcoholic beverages wherever 
the vintage happened to be a failure, or wherever, as was the 
case in Northern Europe, climatic conditions made the cultiva¬ 
tion of grapes, if not impossible, at any rate unprofitable. 



POPULAR SCIENCE 

THE NORMAN BRIDGE LABORATORY OF 
PHYSICS, ITS EQUIPMENT AND WORK 

Br E. C. WATSON. 

AtsociaU Profissof of Physics^ California ImHiuU of Technology, Pasadena, California, V*S^A^ 

General Description 

The Norman Bridge Laboratory of Physics, which houses the 
research and instructional work in ph3rsics carried on at the 
California Institute of Technology, Pasadena, California, con¬ 
sists of two units of five floors each, 128 by 58 feet, connected 
at the north by a third unit of two floors 80 by 52 feet, so as to 
form three sides of a hollow square. One of these units has in 
addition a special photographic laboratory on a partial sixth 
floor, and each has on its large flat roof excellent facilities for 
outdoor experimentation. The four upper floors of the first two 
units are above ground and well lighted by outside light ; the 
lowest floor, or sub-basement, is completely below the ground- 
level, but is perfectly dry and provides a number of large con¬ 
stant-temperature rooms which are unusually free from surface 
noises and ordinary vibrations. The first of the three units 
was erected in 1920 and 1921, and the last in 1923 and 1924. 
The building was made possible through the generosity of 
Dr. Norman Bridge of Los Angeles, who has given more than 
£i 10,000 for this purpose. 

The first unit contains a lecture-room seating 260 persons, 
with a commodious apparatus-room immediately adjoining it, 
two large undergraduate laboratories with adjoining dark¬ 
rooms and apparatus-rooms, three class-rooms, three labora¬ 
tories for advanced instruction, nine offices, a store-room, a 
chemical room, the graduate library of physics, and twelve 
research-rooms, besides the shops, and the machinery, switch¬ 
board, and storage-battery rooms. 

The second unit is used primarily for research. It contains 
forty-five research-rooms as well as a seminar-room, photo¬ 
graphic dark-rooms, a chemical room, fourteen offices, and switch¬ 
board, storage-battery, electric-furnace, and machinery rooms. 

The third-unit houses on one floor eight more research-rooms, 
thus bringing the number of rooms devoted exclusively to 
research up to sixty-five, and on the other the Norman Bn^;e 

m 
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Library of Physics, to provide for which Dr. Bridge generously 
gave a further ;^io,ooo. 

The building is of the reinforced concrete skeleton type, 
the columns, outside walls, and floor slabs carrying the enture 
weight and providing almost the entire strength of the building. 
Interior partitions are of hollow tile, and (except corridor walls) 
have been kept almost free from permanent wiring or piping; 
so that rooms may easily be made larger or smaller by removing 
or inserting a wall. A unit of about i6 by a? feet has been 
adopted as the most useful size, and nearly all rooms are 
either this size or multiples of this size. The general arrange¬ 
ment of the rooms will be evident from an inspection of the 
accompanying floor plans (Figs. i-6). 

Each unit of the building is provided with a freight elevator 
designed to carry a,500 pounds. Provision is made in each 
unit, by means of a removable slab in each floor, to provide at 
some future time a vertical shaft extending from the roof to 
the sub-basement. Moreover, a large number of eight-inch 
holes (with steel covers) through the floor slabs connect each 
room with those above and below. An horizontal duct along 
the ceiling of the basement and sub-basement halls deep enough 
for a man to crawl through and a number of vertical sham 
enable new wiring and plumbing to be installed in any room 
in the building without cutting the plaster or concrete. Floor 
trenches with removable steel covers connecting with these ducts 
and shafts permit wires and pipes to be led to any point in any 
zoom at any time. On al^ four sides of practically every room 
apparatus strips have been installed at three feet and six feet 
from the floor, and all rooms have heavy picture moulding 
designed to carry heavy loads. In order to make it possible 
to suspend apparatus from the ceiling at any point, wooden 
strips were fastened during the construction of the b uilding 
along the forms in approximately the neutral axis of the beams, 
so that, after the concrete had been poured and the forms 
removed, there was left a slot into which a two-by-four strip 
of appropriate length can be wedged. Fig. 7 is a photogra^ 
of the celling of one of the rooms showing these slots running 
along each beam and the wooden strips, from which apparatus is 
hung, extending across from one beam to the next. All windows 
are framed in such a way that, when lightproof curtains are pro¬ 
vided, the room may be completely darkened, the curtains beii% 
held tightly against the flat frames by folding strips of wood. 

A serious attempt has been made to combine real architectural 
beauty with general utility, and great credit is due to the Archi¬ 
tect, the late Bertram G. Goodhue of New York City, for l^e 
high of success attained. The ardiitectural beauty 

of the buildup; does contribute in a large way to the ** mental 
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health, power, and pleasure of those working in it, and ^uld 
be a large factor in creating the proper atmosphere for real 
creative work such as it is hoped the laboratory will foster. 

The building is in the style of the Spanish renaissance of 
the rococo period, somewhat more refined in detail, however, 
than most of the work of that particular period. This style 
of architecture greatly influenced most of the Spanish-colonial 
work in Mexico andf characterised the work put into the 
California Missions so far as those early builders in Southern 
Cdifomia were able to interpret it and carry it out. It is 
natural, therefore, that this style should influence the des^ 
of many important architectural works in Southern California, 
8u^ as the Norman Bridge Laboratory of Physics. Among 
the prominent exterior features are the massive pylons, hand- 
towelled walls, extensive art stone panels with diaper pattern, 
and heavy wrought-iron window grilles (Fig. 8). Inside are 
noted sucn details as the heavy grilled library door (Fia. 9), 
wrought-iron stair rails, vaulted ceilings, and red-tiled floors 
(Fig. 10). Niches in the thick walls of the corridors (Fig. 10) 
provide places for striking scientific exhibits or works of art. 
A ceiling ornament in the library and the ornamentation of the 
circular panels between the window spaces on the exterior of 
the first unit (Figs. 8 and iij are cryptic symbols representing 
the four physical elements as they were known to the ancients 
—earth, water, fire, and air. Similar panels on the second 
unit symbolise modem science (Fig. 12), and represent in one 
drde the Compton effect and in the other the model of the 
carbon atom thought most probable at the time the unit was 
built. (These would serve to date the building very accuratdy, 
as the model of the carbon atom is probably already superseded.) 

The Equipment or the Laboratory 

Shops .—Probably the most important feature of the labora¬ 
tory is the shop. Four full-time mechanicians and a glass- 
blower are employed to aid the research men in the ctesign 
and construction of research apparatus. The laboratory is 
particvilarly fortunate in having such men as Mr. Julius Pearson, 
Head Instniment Maker, and Mr. William Clancy, Glass-blower; 
for much of the research work of the laboratory would be impos¬ 
sible were it not for their intelligence, skill, and experience.. 
They are not only extraordinarily skilful workmen, but their 
judgment and ad^ce in the construction of all sorts of research 
apparatus is indispensable. 

The main shop, a room 24 by 52 feet, is equipped with two 
eight-inch Rivett back-geared, precision lathes conmlete, one 
eight-inch Rivett plane precision bench lathe, a mtt aad 
^^tney eight-inch tool-maker’s bithe, two sixteen-inch lathes, 
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a Brown and Sharpe milling machine, a fonrteen-inch shaper, 
a power saw, a twenty-inch heavy duty drill-press, a sensitive 
dnll-press, an electric welder, an emery grinder, a small gas 
fmve, and an electric oven, as well as a large number of small 
tools and stock. The whole floor of this shop is floated on 
sand free from the rest of the building, and the machines are 
driven from overhead shafting by independent motors mounted 
on a steel framework supported from the floor. Little vibration 
is communicated to the rest of the building. 

The glass-blower’s shop has various blow-torches for glass 
and quartz, and machines for grinding and polishing, as well as 
a complete high vacuum system of mercury diffusion pumps 
capable of producing the highest vacuum. Furnaces for bakii^; 
out vacuum apparatus while pumping are also available, as weO 
as high potential direct current for electron bombardment of 
metal parts. An adequate stock of stop-cocks, soda, lead, 
pyrex, and quartz glass tubing and bulbs is maintained at all 
times. However, pyrex and quartz are used almost exclusively. 

Members of the laboratory do not, except in special cases 
with the permission of the mechanicians in charge, use the above 
shops. They may, however, make free use of the research 
students’ shop, which is equipped with a bench screw-cutting 
lathe, an engine lathe, an emery grinder, a bench drill-press, 
vises, pipe-fitting and cutting tools, solderit^-irons and torches, 
and a goodly number of hand-tools. They also make free use 
of the carpenter’s shop, which is equipped with a band-saw, a 
combination buzz saw and planer, and a wood-turning lathe, 
as well as the necessary hand-tools. An adequate supply of 
lumber and metal stock is maintained at all times. 

The liquid air plant consists of a twenty-horse-power, four- 
stage, Norwalk compressor, and two sets of purifying tanks, and 
two liquefiers ; so that is is not necessary to shut down to make 
Kpairs or to change chemicals. All but the compressor were con¬ 
structed in the laboratory. The output is over two litres an hour. 

Wiring and Plumbing .—Probably the most elaborate single 
item is the electrical wiring. In each room is installed a switch¬ 
board of Johns Manville ebony asbestos wood with two three- 
pole and two two-pole sixty ampere switches from which 
connection can be made either directly to apparatus or to various 
wall outlets, usually at least three in number conveniently 
placed around the room. Four wires lead from each of these 
outlets to the switchboard, thus allowing either two two-wire 
circuits to be used or one three-wire circuit. ^ In addition to these 
outlets several A.C. power outlets are provided in each room. 

From the laboratory switchboards ten No. 8 conductors 
lead to a row of jacla on the main distributing switchboard. 
By means of fused jumpers any of these jacks can be connected 
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with any sort of electric power desired. A.C. power and D.C 
generator service are obtained from buses mounted vertically 
on the rear of each panel. These buses consist of nine three* 
quarter*inch square brass bars mounted between the ten vertical 
rows of outgoing jacks. The first three are connected to the 
generators on a three-wire iio-aao volt circuit, the middle 
three through a circuit-breaker to no volt three-phase A.C. 
power, and the last three through a circuit-breaker to 220 volt 
three-phase A.C. power, so that either no or ?ao A.C. power 
single-phase or three-phase can be obtained. Current from the 
storage batteries at any voltage from a to 500 volts in 2 volt 
steps can be obtained by plugging to the storage battery panel. 

Only A.C. power is received from the outside. D.C. is 
obtained from a fifty kilowatt three unit motor-generator set 
equipped with a voltage regulator to maintain the voltage 
constant at n 0-2 20 volts, from a variable voltage fifteen 
kilowatt three unit motor-generator set, from a five and a half 
kilowatt battery changing motor-generator set, and fi-om two 
two-hundred ampere-hour storage batteries of 125 cells each. 
Provision has also been made for installing 125 more cells at 
a later date. The batteries are arranged in groups of ten cells 
ea<*, with No. a wires attached to the ends of each group and 
No. 10 wires to intermediate points. This permits thirty ampere 
circuits in steps of two volts and high capacity circuits in steps 
of twenty volts. Series switches connect all ten cell groups 
together. A large number of portable storage batteries are 
also available for low voltage demands. 

In all, thirty-eight feet of switchboard are required to dis¬ 
tribute power to all the rooms in the building. All wiring is 
carried in the horizontal ducts, vertical shafts, and floor trenches 
already referred to, and so is readily accessible at all times. It 
is interesting to note, in this connection, that all of the wiring 
and electrical equipment of the building have been installed 
by students of the Electrical Engineering Department of the 
Institute. 

Each room is supplied with gas and compressed air, and both 
water and waste pi^s are available in every room. Capped 
water, gas, and air outlets, as well as drains, are provided at 
convenient places in the pipe and wire shafts and in the floor 
trenches for future extension of the system, and to enable gas, 
water, or air to be brought out to tables in the middle of the 
rooms. Gas, air, water, and electrical outlets are also provided 
on the roof to facilitate outdoor experimental work. 

Lecture-hall .—The lecture-hall is a room 44 feet square and 
two stories high to admit of elevating the seats so that the lecture- 
table may be plainly visible from any point in the room.' It 
recdves outside light only through a skylight, and can be 
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darkened quickly, easilv, and completely by means of motor 
operated curtains. Thu mechanism is unique and probably 
worthy of further description. The curtains are suspended on 
slide wires, and are opened and closed by a continuous cable 
making a couple of turns around a drum. This drum is driven 
throu^ a worm by a three-phase motor. Reversal of the motor 
is accomplished by a four-way tumbler switch which is operated 
by limit stops attached to the cable. Connected with this 
switch operating mechanism is also a controlling switch. This 
is simply a three-way tumbler switch which is connected with 
other three-way and four-way switches located in the lecture- 
room, one on the lecture-table and the other in the rear of the 
room on the lantern-stand. These switches control the operating 
coil on a three-pole remote control magnetic switch in the motor 
circuit. Three- and four-way switches operating a remote 
control on the electric lights of the room are found at each end 
of the lecture-table, beside the entrance of the room, in the rear 
of the room on the lantern-stand, and at the end of a cord which 
can be carried about by the lecturer. 

An I-beam, mounted in the ceiling above the lecture-table 
and extending the entire width of the room, carries a small 
crane and makes possible the easy handling of heavy apparatus 
for demonstration purposes. A special and unique feature is a 
lantern-screen carried on the same I-beam and easily adjustable 
as to angle and height to facilitate projection vertically, or 
otherwise, from any part of the room. A trap-door in the 
ceiling over the lecture-table, opening into an attic room, further 
facilitates hanging from the ceiling and makes possible experi¬ 
ments on falling bodies and the like. A light shaft in one corner 
of the room and in line with the lecture-table enables sunlight 
to be obtained throughout the day from a coelostat upon the 
roof. A similar shaft In the opposite comer of the room enables 
new wiring and plumbii^ to be installed in the lecture-table 
at short notice. The ceiling of the room is covered with special 
felt panels to deaden reverberations. The usual electrical 
connections, water, gas, and compressed air, as well as the usual 
lecture-room appurtenances, are, of course, available. 

Apparatus-rooms .—^Apparatus and supplies are distributed 
from a central store-room. Apparatus, when not in use, is 
kept in specially constructed dust-proof cases in the apparatus- 
rooms adjoining the various laboratories or In the commodious 
three-floor apparatus-room which opens off the lecture-hall. 
The elevator stops at each floor of this apparatus-room and a 
stair leads it to the general storeroom. 

Spt^roseopic Equipmsnt .—In addition to the usual equip¬ 
ment of an optical taboratory, a specially designed twenty-foot- 
focus plane grating spectrograph of the two-lens type, and a 
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tweat^r-one-loot focua Rowland concave ip'ating - 

are beum; iHrovided m the spectroscot^ laboratory^ In isflnr 
to conserve space and obtain greater stability and constancy 
of temperature these instruments are mounted in a vertical 
position with lenses and gratings in a constant-temperature 
pit beneath the floor. Sunlight for this floor, for the lecture*hail, 
and for various purposes at other floors can be obtained at all 
times throughout the day from a coelostat upon the roof through 
an open light shaft extending from the roof to the tub-basemei^. 

FtuUograpkic Laboratories .—number of individual dark¬ 
rooms have been provided as well as a photographic laboratory 
equipped with the usual cameras and auxiliary outfit for copjdng, 
enlarging, and making lantern-slides. Either artificial or natural 
light IS available for this work. 

High Vacuum E^ipment .—A general vacuum system was 
not installed in the building, but each research which requires 
a high vacuum is provided with a motor-driven Central Scientific 
Company Hyvac pump, and a two-stage mercury vapour diffusion 
pump of pyrex glass designed and built in the laboratory. At 
the present time more than thirty such outfits are in use. 

Seminar-room .—^The seminar-room is arranged for small dis¬ 
cussion groups around a central table. It will accommodate from 
Mty to ^Ety people without losing the congenial atmosphere of the 
small seminar. A kitchenette adjoining it, equipped with sink, 
gas, and electrical heating appliances, and cupboards, makes it 
possible to serve tea and wafers before or during the seminars. 

Ventilations .—^The building is under forced ventilation. 
The air comes in directly from outdoors and is washed, as well 
as heated or cooled, as occasion may require. Under normal 
conditions the air in each room is completely changed evfery 
five minutes. All this is under thermostatic control. The 
ventilating machinery, as well as all other heavy machines in 
the buUding, b mounted on a cork base and the floor supporting 
it is floated on sand free from the rest of the building. 

Miscellaneous Equipment.—K bath and locker room equipped 
with two showers is provided for the use of the research men 
and staff who desire to play tennis or take other forms of 
exercise during the day. There are in the building two chemical 
rooms stocked with adds and the more common chemicals 
and equipped with chemical hoods and desks. 

The Work of the Laboratory 

In addition to the theoretical work being done by Drs. 
Bateman, Epstein, and Tolman and their students, tfaore are 
at the present time more than forty independent experi¬ 
mental. researches under way in the laboratcny, carried on by 
some forty-five different men, consisting of graduate students^ 
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memtMsn of the staff, and guests from other institutions. 
Jtoiong the latter are, at the moment, Dr. S. J. Barnett, whom 
the Ciunegie Institution of Washington assigned to the labora* 
tory to continue there his important magnetic work ; Dr. 
Stanislaw Loria, Professor of Physics at the John Casimir 
University, Lwow, Poland ; Dr. Albert Biorkeson, Assistant 
ih’ofessor of Physics at the University of Upsala, Sweden ; 
Dr. Otto Oldenberg, of the University of Gkittingen, Germany ; 
Dr. Lars Thomassen, of the Mineralogical Institute, Oslo, 
Norway ; Dr. Max Wehrli, of the University of Zurich, Switzer¬ 
land ; six National Research Fellows, namely : Dr. A. Kdth 
Brewer, from the University of Wisconsin; Dr. Herbert Kahler, 
from Cornell University; Dr. Roy J. Kennedy, from Johns 
Hopkins University ; Dr.. Edward H. Kurth, from Princeton 
University; Dr. Stuart S. Mackeown, from Cornell University ; 
and Dr. William R. Smythe, from the University of Chicago. 

To list the forty researches being carried on by the advanced 
students, the fellows, and the regular staff would be rather 
tedious and not particularly illuminating; but the main fields 
of activity are the following : A very considerable group of 
spectroscopic problems are under way, quite a number of them 
being carried on with the aid of " hot spark ” spectrometry 
developed by Dr. Millikan and Mr. Bowen. Several photo¬ 
electric experiments, and a whole group of experiments on the 
effect of minute surface impurities upon electrical and optical 
behaviour are being pursued. A group of experiments on the 
beta-ray analysis of hard and sore X-radiations, and another 
upon the effect of the impacts of both positive and negative 
rays in ionising both solids and gases, are yielding interesting 
results at the moment of writing. Another series of problems 
upon isotopes, and still another on the penetrating radiations 
of the upper air, are being actively followed. Still another 

O concerns the Compton and the C. T. R. Wilson effects. 

spectra are being actively studied in the ultra-violet 
r^ion, tne optical region; and the infra-red region. Seismologi- 
cai and earth-tide experiments are abo in progress, as are many 
problems which make use of the million-volt, thousand-kilowatt 
transformer housed in the adjoining high-tension laboratoiy. 
Dr. Barnett supervises a group of magnetic problems, while 
Dr. Tolman is making elaborate studies of electrons in metals. 
Nearly all the problems come under the general heading. 
The Structure of Matter and the Nature of Radiation,” 
Carnegie Corporation of New York having appropriated funds 
for a joint attack upon this general problem by the Moimt 
WBson Observatory, the Gates Chemical Laboratory, and the 
Notncttn Bridie Laboratory of Physics. 



NOTES 


Dr. Ow and Oanoer (7. B. IfoCartnay, HJ>., D.8o.) 

The experiments were made with a sarcoma of the fowl, first 
described by Petyon Rous in 1911, which is peculiar inasmuch 
that it can be transmitted from chicken to chicken by inocu¬ 
lating dead cells, killed by drying or with 50 per cent, giyceiin, 
or by the cell-free fluid obtained by passing an emulsion of the 
tumour in saline solution through a Berkefeld filter. 

If a filtrate of the tumour is treated with chloroform it does 
not produce a tumour when injected into a chicken. 

Further experiments showed that there are two factors 
concerned in the production of an experimental tumour. One 
is the virus of the tumour which belongs to the class of so-called 
“ filterable viruses,” and the other is a specific factor probably 
of a chemical nature and present in the tissue-cells. Neither 
of these two factors alone is capable of causing a tumour, but 
when combined a sarcoma results. The treatment of the 
tumour filtrate with chloroform kills the virus, but leaves the 
specific factor. 

The virus itself can be cultivated from fresh filtrate (which 
contains both factors) under strict anaerobic conditions in 
potassium chloride broth, to which rabbit serum and a fragment 
of chick embryo have been added. In the fifth sub-culture 
the amount of specific factor carried over from the original 
ffltrate must be exceedingly small, and the sub-cultures cbntain 
the virus only. 

It is thus seen that the chloroform filtrate contains specific 
substance only, and the subculture only the virus. Neither by 
themselves cause a tumour, but a mixture of the two when 
injected into a chicken invariably produces a sarcoma. 

Gye has shown that there is one virus for all malignant 
tumours, whether human, mouse, rat, or chicken, etc., but that 
the specific or chemical factor is distinct for each species of 
animal. Thus, the virus from a mouse tumour plus spedfic 
fisctor for the chickoi will produce sarcoma in fowls only, but 
not in rats or mice. Similarly, human virus plus mouse specific 
factor together produce tumours only in mice and not in any 
other species of animal. Dr. Gye has thus shown that malignant 
dbease is due to a multiplying infective a|;ent common to all 
species, together with a chemical factor specific to the particular 
animal. 

S84 
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fl» Oflgtaurtofi Avlttikn and of WMImm 

It is curious how many nations make claims regarding dis¬ 
coveries and inventions—^justifiable or not. Recently M. 
Clement Ader died at the age of eighty-four at Toulouse, and 
the French claim for him that he was the originator of aviation. 
He constructed a flying machine in 1886, and next year a more 

S erfect one, known as the Avion, which was said to have 
own some three hundred yards in the presence of officials. It 
was, however, so imperfect that these officials turned down 
the idvention, and M. Ader retired from further efforts; but 
he was made a Commander of the Legion of Honour before his 
death. Similarly, the late Prof. Alexander Popoff received 

S osthumous honours in Russia on May 7 last, on the plea that 
e was the discoverer of wireless telegraphy, and Science 
says that the Kronstadt Electrical Academy has been named 
after him. The public take so little interest in the men who 
give them the very greatest benefits as regards scientific inven¬ 
tions that scarcely anyone knows even their names. 

Mtodeni KiradM 

In June last we saw a film at the New Galleries, Regent 
Street, based upon Sir Arthur Conan Doyle’s novel The 
Lost World ; and we were amazed at the numerous miracles 
there shown. Many prehistoric animals were revived and 
moved, fed, and fought freely before the eyes of the audience. 
It was a wonderful sight to see a megalosaurus (we have for¬ 
gotten its proper namej walking about in the streets of London, 
and the well-dressed or ill-dressed crowds fleeing before the 
monster. There was no doubt about the mirades, because 
everybody saw them—in fact, the alleged miracles by spiritua¬ 
lists in darkened rooms, and before the eyes of a few prmleged 
guests, are absolutely nothing to those which we all beheld 
upon the film. If the former can easily be worked by dever 
people, so can the latter, and much more easily. 

A Heir Kind of MiOdan Spwdi 

It is not often that maiden speeches in Parliament deal with 
Midi mean subjects as science and scientific institutions, but 
Mr. Tinne, the Member for Wavertree, manifested this weakness 
when he addressed the House for the first time on July 37 
—though he asked for the “ indulgence which is usually given 
to a fittt offender." His speech, for which he received the 
coxffiratulations of the Rt. Hon. Mr. Fisher, M.P., dealt chiefly 
with the Liverpool School of Tropical Medicine, of which he 
is Treasurer; and we hope that his remarks will help that 
Valuable institution, How astonished Parliament mus^ havp 
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been to hear that such trliHialities as trypanosomiasis, ankyld- 
stomiasb, malaria, and other diseases destroy millions of our 
subjects throughout the world and affect many more millions, 
and that it should even spend a little money for the purp^ 
of controlling these plagues. After all, such maladies, like 
those which affect us m Britain, are really of some importance. 
Whether a citizen should pay an extra shilling on his income- 
tax or not is doubtless a matter of considerable concern to 
him ; but we dare to maintain that whether he dies or not of 
some preventable disease is a matter of much greater concern. 
Yet this argument finds little illustration in Hansard. Perhaps 
a cynic might maintain, with some show of reason, that the 
British people have not yet developed sufficient intelligence to 
possess, or even to pretend to possess, any interest in the 
Immense communal benefits which science and invention confer 
upon them. He might argue that, intellectually as physically, 
tM mass of them remain in nearly the same condition as that 
of their forefathers of the Middle Ages. That they adore 
processions and ceremonies, kings and peers, soldiers marching 
past with flags and bands, full-dress “ functions,” cathedral 
services, and reviews. That their parliaments, after inter¬ 
minable and costly discussions, achieve only a small redis¬ 
tribution of wealth, of doubtful advantage to anyone; that 
their politicians are constantly engaged in pouring water from 
one set of buckets into another set of buckets ; and that the 
public ^tches them with fascination because it really believes 
that this is the way in which the total stock of water may be 
increased. The cynic will conclude that the masses are like 
children in the nursery, blowing tin trumpets or marshalling 
leaden soldiers, and then suddenly coming to blows and tears 
over their mimic wars—and it will be difficult to contradict 
him. 

Seimtiflo Fwiodioals 

The Times of August 3 contained an interesting article on 
the publication of research, in which it is stated that, according 
to the first volume A World List of Scientific Periodicals, 
recently issued by the Oxford University Press, there were no 
fewer than 24,028 periodicals in existence from 1900 to 1921, 
which published the results of scientific research. We are 
astonished at this figure, and suppose that most of the publicw* 
tions are those of Teamed societies, or perhaps that the list 
includes any periodical which occasionally publishes something 
” in the scientific line.” The writer of the article in The Times 
considers a scheme for the prompt, adequate, and complete 
indexing of all this literature, by the establishment of a centnd 
Ubrary containing all the pmodmals. We may observe that 
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the Royal Society was long engaged in making an index of 
scientific papers. On considering the matter as a whole, 
however, we are inclined to think that the vast bulk of this 
alleged scientific literature is almost worthless, or, if it be not 
worthless, it appeals only to specialists who are easily able to 
trace papers which concern them directly without troubling 
to “ look up ” the literature in such a public library. Most 
scientific articles are merely confirmatory of previous ones. 
Our experience suggests the following proportions, namely, 
that 5 per cent, of the published papers are valuable, that 
90 per cent, of them are of no value, and that another s per 
cent, of them are spurious—that is, they are incorrect or describe 
work that has never really been done. Science is tending to 
smother itself with its own excessive output of worthless or 
bad work, and we fear that minute cataloguing of all this 
literature would only help to make confusion worse confounded. 
Time is the great clarifier; and, though good work is sometimes 
lost, bad work is more often excluded from remembrance 
by the oblivion which it deserves. What is really required 
is a limitation in the amount of trivial or spurious scientific 
literature. 

On AU-fooia 

In August last there was held an International Conference 
of Osteopaths at the Savoy Hotel in London, and, to judge 
from the reports in the lay press, some of the contributions 
must have been distinctly progressive—though, doubtless, the 
net results of the Conference might have been quite useful. 
One gentleman, who discussed diet, is said to have averred 
that cooking killed the life of food, and that in his regular 
programme of diet he did not include meat, milk, butter, 
cheese, eggs, salt, pepper, vinegar, or sugar. Nevertheless, he 
sometimes had thirty-nine articles of food on the table, con¬ 
sisting of nuts, cereals^ honey, sweet fruits, and lemon-juice. 
Potatoes should be eaten absolutely in their natural state 
without boiling, baking or other preparation. He had followed 
this dieting for four years, and was ten years younger. After 
uncooked food his heart-beat was sixty-two to the minute, but 
after cooked food was seventy-two to the minute.^ Another 
speaks attributed many of our maladies to our pride in walldng 
upright on our hind-legs. As a result, the muscles, especially 
of the abdomen, lose tone and allow the stomach, the intestines, 
and oUier organs to sag. To obviate all this the patient should 
five in the open, do upside-down exercises, and walk on all- 
fours. This is very grave and welcome advice. We think 
fchid: people who attend scientific conferences, or religious 
services, or even those select individuals who are called upon 
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to enter the Houses of L^slature at Westminster, might set 
the example of doing so on all-fours. Large crowds might 
possibly assemble to witness such a sin^lar spectacle, and 
this would serve as an advertisement of the benefits which 
osteopathic science is likely to confer upon humanity. We 
might even set ourselves to invent dances on all-fours, not to 
mention new kinds of military exercises. A Commander-in- 
Chief would be well advised to order an all-fours march-past 
of his troops in full uniform, and even levies might be lightened 
by the same procedure. We hope, at least, that our learned 
societies will soon set the example. 


Xba iodastiial Zostltaie 


In our last issue we gave a short account of this new body 
which is now in course of formation. Its address is 102 Bel- 
grave Road, S.W.i, and there is a long list of Vice-Presidents 
and Council, which include many men of distinction in various 
lines. The Director is Mr. Norman Wyld. 


VolM and News 

The King’s Birthday Honours List did not contain the names 
of many men of science, and those few who obtained recogni¬ 
tion in the list held official positions. In the Order of the 
British Empire Sir Frederic Kenyon, Director of the British 
Museum, received the G.B.E., Dr. J. S. Flett, Director of the 
Geological Survey of Great Britain, the K.B.E., and Dr. G. 
Rotter, Director of Explosives Research, War Office, a C.B.E. 
In addition a knighthood was conferred on Prof. J. Robertson, 
Medical Officer of Health, Birmingham, and Professor of Public 
Health in the University of Birmingham. 

The gold medal of the Linnean Society has been awarded 
to Prof. F. W. Oliver, of University College, London, for his 
work in botany. Dr. A. B. Rendle has been elected President 
of the Society for the year 1925-6. 

The Albert Medal of the Royal Society of Arts has been 
awarded to Sir David Prain for his application of botany to 
the development of the raw materials of the Empire. 

On the occasion of the celebration of the centenary of 
Faraday’s discovery of benzene the following were appointed 
Honorary Members of the Royal Institution; G. E. Bertrand, 
Professor of Biological Chemistrv at the Sorbonne; £. J, 
Cohen, Professor of Chemistry at Utrecht; Prince Ginori-Conti, 
president of the Italian Association of General and Applied 
Giemistry; J. F. Norris, Professor of Organic Chemistry at the 
Massachusetts Institute of Technolo^ ; J. Sakurai, Prestdoit 
of the J^anese National Research Council; E. Swarts, Pro¬ 
fessor of Chmistry at Ghent. 
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In connection with the Centenary it was decided to award, 
at distant intervals, possibly six years, a medal for distinguished 
work having some relation to Faraday’s discovery, and it was 
further decided to give the first of these medals to Mr. J. 
Morton for his work on anthracene dye-stuffs. 

Prof. A. S. Eddington, the Hon. Sir Charles Parsons, and 
Dr. N. Bohr have been elected foreign members of the National 
Academy of Sciences, Washington. Prof. Bohr has also been 
awarded the Barnard Medal of the University of Columbia, 
which is awarded every five years for meritorious service to 
science. 

Among those whose death was announced during the 
last quarter were the following: Sir Wm. Fletcher Barrett; 
Dr. F. E. Beddard, zoologist; Dr. A. G. Butler, entomologist 
of the Natural History Museum; Dr. J. H. Clarke, State 
Geologist, N.Y.; Mr. D. B. Dowling of the Canadian Geological 
Survey ; M. Camille Flammarion, astronomer ; Dr. A. Haller, 
For. Mem. R.S., Professor of Organic Chemistry at the Sorbonne; 
Prof. J. F. Hay ford, civil engineer and geophysicist; Prof. G. 
Komer of Milan, organic chemist; Mr. N. L. Roth, anthro¬ 
pologist ; Mr. R. B. Seager, American archaeologist. 

The Royal Observatory, Greenwich, celebrated the asoth 
anniversary of its foundation in July last. The actual date 
was somewhat advanced in order that the astronomers visiting 
this country for the meeting of the Astronomical Union might 
share in the proceedings. The most noteworthy feature of 
the celebrations was the visit of the King and Queen to the 
Observatory—noteworthy because this was only the second 
royal visit in its history. There is no record that Charles II, 
who took so much interest in the foundation, ever visited the 
institution, and the only other royal visitor was George III. 

The Commissioners for the Exhibition of 1851 have made 
the following appointments to Senior Studentships: Mr. 
O. M, B. Bulman, Imperial College of Science (Geologv); 
Mr. P. A. M. Dirac, Cambridge (Mathematical Physics); Mr. 
I. R. McHaffie, University College, London (Ph3rsical Chem¬ 
istry); Mr. H. W. B. Skinner, Cambridge (Physics); and 
Mr. D. L. Thomson, Aberdeen (Bio-chemistry). 

The Ramsay Memorial Fellowship Trustees have made the 
following awards of new Fellowships for the session 1935-6. 
A British Fellowship of ^£300 tenable for two years, to Mr. 

G. A. Elliott, B.Sc., for work at University College, London. 
A British Fellowship of >£300, tenable for one year, to Mr. 

H. R. Ing, M.A., D.Phil., for work in the University of Man¬ 
chester. A Glasgow Fellowship of £300, tenable for two 
years, to Mr. T. C. Mitchell, B.Sc., for work in the University 
of Cambridge. A Glasgow Fellowship, of )£3oo, tenable for 
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one year, to Mr. J. D. Fulton, M.A., B.Sc., for work in the 
University of Manchester. A Canadian Fellowship to Mr. 
D. McKay Morrison, M.Sc., Ph.D., for work in the University 
of Cambridge. A Japanese Fellowship of the value of £370, 
to Dr. Seisi Takagi, for work at University College, London. 
Sir Robert Waley-Cohen, K.B.E., has been appointed a Trustee 
of the Ramsay Memorial Fellowship Trust, in place of the 
late Sir George Beilby. 

The University College of South Wales and Monmouthshire 
has issued a pamphlet containing particulars of courses and 
careers open to students in the Faculty of Science. It is not 
a prospectus of the usual type, and gives no details as to 
fees, staff, or time-tables, but it does contain much admirable 
advice to the student who looks to his college career as a means 
to an end—the earning of an honourable and intelligent liveli¬ 
hood. In these days, when it is fashionable to deprecate this 
aspect of a university career, it is refreshing to find it not merely 
recognised but assisted in so altogether an admirable a fashion. 

It has been decided to hold a British Optical Convention 
at the Imperial College of Science, South Kensington, in July 
1926, in order to advertise the important developments in 
British optical apiparatus and instruments which have taken 
place in recent years. A guarantee fund of £2,000 is required, 
and the Council of the Optical Society has agreed to contribute 
£200 towards that total. 

The value of research in pure science, i.e. that aiming at 
the acquisition of knowledge without immediate utilitarian 
objectives, was emphasised in the Report of the Visiting 
Committee of the Bureau of Standards, Washington, U.S.A., 
and the Committee expressed the belief that such work should 
be undertaken by the Bureau to a greater extent than has been 
done in recent years. It points out that the' history of civilisa¬ 
tion is filled with illustrations of the utilisation for the good of 
humanity of the results of scientific work, undertaken without 
reference to its direct value, and often remaining unused long 
after its first announcement. Illustrations given are the 
electrical industry, radio, the vacuum-tube. X-rays, and 
radium. In each case the fundamental discoveries that made 
invention possible were made without thought of possible 
utility. Similarly, the present-day study of atomic physics 
is dted as a line of research that is likely in the future to 
^eld results of vast proportions, and as yet undreamed of. 
llie report also calls attention to the vajue of industrial 
research— a. value more generally realised. Numerous exam¬ 
ples of savings effected by such research at the Bureau of 
Standards are |:iven. Stumes of certain problems pertaining 
to the automobile industry are cited, whose combined result is 
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a saving of $155,000,000 per year to the American public. 
Both types of research, the Committee believes, are essential 
to the welfare and industrial prosperity of the nation. The 
economies resulting from them are often vepr considerable, 
and are necessary if America is to maintain its present high 
wage rates and high standards of living in the era of intense 
industrial competition upon which the world now appears to 
be entering. The desirability of having research conducted 
by a national institution is emphasised. Its value depends on 
the extent to which the results are utilised rather than upon 
the cost of the work, and a national laboratory such as the 
Bureau of Standards can afford to give its results freely to all 
who can profit by them, whereas a private laboratory cannot 
always be expected to do so. 

The desire of several countries that the Central European 
(enemy) Powers should be admitted to the various scientific 
unions formed during or since the war with statutes expressly 
forbidding their admission, has caused some trouble at meetings 
held during the past quarter. The ruling body in such matters 
is really the International Research Council. In order that 
this Council may alter any of its statutes the alteration must 
obtain the support of two-thirds of the countries adhering to 
it, and apparently this support must be given by the delegates 
at one of its meetings. Delegates have votes proportional in 
number to the population of the countries they represent, 
and two-thirds of the total implies fifty-three votes. At a 
meeting held at Brussels (July 7-9) seventeen delegates, repre¬ 
senting fifty-two votes, were present, so that even if they had 
been unanimous no statutory changes could be made 1 The 
admission of Germany and Austria to the Convention was 

E ressed strongly by certain of the members; but nothing could 
e done, and it does not seem likely that any changes will be 
possible until the present arrangement comes automatically 
to an end in 1931. The same question was discussed at the 
meeting of the International Astronomical Union, which took 
place at Cambridge during the period July 14-22, under presi¬ 
dency of Prof. W. W. Campbell, of the University of California, 
and with much the same result. The next meeting of this 
Union has been arranged to take place in Holland in 1928 ; 
Prof. Sitter has been elected president for that meeting. 

In a letter to Nature (July 18) Prof. Nagaoka gives a pre- 
Hminaiy account of his successful attempt to effect the trans¬ 
mutation of mercury into gold by passing a hi|;h Voltage 
discharge between iron and mercury electrodes in paraffin 
oil. The first experiment was made on Septembo* 15, 1994, 
and after four hours’ discharge gold was detected in the mwcury 
oil-sludge by the Cassius’ purple test. Later specks of gold 
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were extracted from this sludge. In subsequent experiments 
the iron electrode has been replaced by tungsten, and the 
presence of gold is shown by the formation of patches of ruby 
glass on the sides of a flask used to contain the residue during 
its purification. It is hardly mecessary to state that the results 
have been checked by blank experiments designed to determine 
whether traces of gold were present in any of the apparatus 
used. The mercury, after treatment, also yields a white metal, 
which has not yet been obtained in sufficient quantities to 
permit of chemical tests. 

An account by Prof. Dayton C. Miller of his experiments 
on aether drift is riven in Nature, July ii, 1925. The experi¬ 
ments were carried out at Mount Wilson at different periods of 
the year in 1921 and in 1924-5 under all kinds of conditions, 
the apparatus being reconstructed during the interval between 
the two sets of experiments. The observations have always 
given the same result and indicate that, at Mount Wilson, 
the motion of the aether relative to the earth is about 10 ± *5 
kilometres per second, i.e. approximately one-third of the 
earth's orbital velocity. Further experiments are in progress, 
and it is hoped that by the end of the year definite indications 
regarding the motion of the solar system in space may be 
obtained. The results are entirely opposed to the Relativity 
Theory as it now stands, and are moreover difficult to reconcile 
with ordinary astronomical observations. Hence very definite 
confirmation will be required before they are generally accepted. 
It may be noted that experiments with the same apparatus 
in a cellar at Cleveland in 1905 gave a relative velodty of 
3*5 kilometres per second. 

The Royal Society has issued another book containing 
accounts of certain aspects of modern science in connection 
with the science exhibit at Wembley Exhibition. It is entitled 
Phases of Modem Science, and may be obtained from Messrs. 
A. and F. Denny, Ltd., 163A Strand (price 3s. 6 d. net). 
Provided with an interesting frontispiece illustrating the 
range and character of electromagnetic waves, it contains 
twenty-three articles dealing with subjects of present-day 
interest in science, e.g. “ l^diation ” (Sir Oliver Lodge); 
“ Electricity and Matter ” (Sir Ernest Rutherford); “ The 
Origin of Spectra ” (Prof. Fowler); " The Water in the Atmo¬ 
sphere ” (Dr. G. C. Simpson); “ The Origin of Man ” (Sir 
Arthur Woodward). Many of these articles are abstracted 
from lectures of a popular or semirpopular type, and they 
present in simple language the latest results and theories in 
their respective subjects. 

One of the most pleasant wa}rs of keeping in touch with 
the advance of scientific thoug^ht is provided by the special 
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lectures (t.g, of the memorial type) which are delivered from 
time to time by leaders of science and then printed for the 
benefit of a larger audience. Such lectures are generally 
delivered before an audience not specially versed in the subject 
chosen by the lecturer, and are therefore couched in language 
which can be understood without difficulty by those who 
possess very little preliminary knowledge of the subject. Un¬ 
fortunately, the publication of these lectures is not widely 
advertised, the sale is small, and the cost relatively large. Four 
such lectures have reached us this quarter: The Crystalline 
State, by Sir William Bragg (Romanes Lecture, Oxford, 
Clarendon Press, price 2s.); The Structural Units of the Material 
Universe, by Dr. F. W. Aston (Seventh Earl Grey Memorial 
Lecture, Humphrey Milford, Oxford University Press, price is.) ; 
The Structure of Light, by Sir J. J. Thomson (Fison Memorial 
Lecture, Cambridge University Press, price 2s. 6d.); and The 
Carbon Atom in Crystalline Structure, an Address delivered by 
Sir William Bragg at the Centenary Celebration of the Franklin 
Institute. None of these contains anything very novel from 
the point of view of the physicist, the latest facts being some 
months old, but they do summarise in a clear and simple 
fashion the recent advances in the several subjects, and, what is 
of no less interest, they contain the thoughts of the men who 
are leading the advance and indicate the line of future attack. 
The first and second of these pamphlets can be recommended 
to the notice of those who are interested in the problems of 
atomic and cr3rstalline structure; Dr. Aston’s analogies 
should be particularly interesting to teachers. Sir J. J. 
Thomson’s address contains a simple account of an attempt 
to reconcile the conflict between the undulatory and the 
quantum theories of light. The fourth lecture is apparently 
not on sale, and is therefore not readily accessible in this 
country. 

The Report of an Enquiry into the Conditions affecting the 
Teaching of Science in Secondary Schools (H.M. Stationery 
Office, Adastral House, Kingsway, W.C.2, price (by post) 
M). which has been prepared for the information of the 
Board of Education by five of its inspectors, is a document 
worthy of the most careful consideration by both teachers 
and school managers. It is based on an investigation of 
thirty-nine large secondary schools for boys, and indicates a 
very great diversity in the conditions under which science is 
taught. Thus the annual cost per head, counting only boys 
receiving instruction in science other than nature study, 
varies fron as. ad. to 33s., figures which include the cost of 
both apparatus and laboratory attendants. For apparatus 
•pd materials ^one the cost ranges from is. 8 d. to 205. 3d. 
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This statement of cost includes all branches of sdence; it is 
unfortunate that it has not been dissected so as to show, for 
example, the relative expenditure on physics and chemistry. 
Apparatus was found to be satisfactory save in mechanics, 
where there is a tendency to use expensive toys instead of 
real machines. Accommodation, on the whole, was poor, 
due to lack of building in recent years, to the large increase 
in the number of boys taking science, and to the institution 
of advanced courses. There is a marked deficiency in labora¬ 
tory attendants, one of the worst and most expensive forms of 
“ economy.” The comments on the teachers are curious. 
Many laboratories, it is stated, are run badly, the teachers 
lacking the necessary experience to make the best of the 
means at their disposal, and, when new apparatus is to be 
bought, not knowing what to buy or where to buy it. Further, 
the Report seems to deplore excessive specialisation, and to regret 
that, as a rule, a science master sticks to his job, not teaching 
history, a language, or even two branches of science. This 
is delicate ground—for inspectors 1 It is quite certain that a 
teacher who really gives his mind to the teaching of chemistry, 
or physics, or biology, trying always to improve his teaching, 
to inspire his pupils, and to know something about the advances 
in his subject, has really a full-time occupation. A man who 
attempts more than one subject must be an object of suspicion 
until his competence is proved. The really important question 
is, whether it is possible to inspect in more than one subject. 
An inspector should be an expert, not merely in inspection, 
but in the subject in which he inspects, if his criticisms are to 
have any constructive value. 

One point in the report deserves special consideraticm. In 
the section on Curricula the inspectors criticise the syllabus in 
Physics at the General School Examination of the University 
of London on the ground that Mechanics, Heat Light and 
Sound, and Electricity and Magnetism form three separate 
subjects, so that a candidate may take one and be quite ignorant 
of fa«th the others. This is sound criticism ; but the position 
would not be improved in the least by adopting the procedure 
at the corresponding examination held by the combined 
Northern Universities. This year, for example, at that exa¬ 
mination, the Ph5rsics paper was a six-paged pamphlet of 
twenty-six questions, from which (with certain small restric¬ 
tions which do not affect the present argument) the candidates 
had to choose nine. This does not ensure that the teaching 
covers the whole of the Physics syllabus ; it puts a premium 
on scrappiness, and is entirelv ridiculous. If it is the opinion 
of the Board of Education that Physics should be treated as 
one subject the papers should,be so arranged as to ensure that 
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an appropriate syllabus, including all its branches, is properly 
covers. 

Technical Paper No. ii of the Fuel Research Board (H.M. 
Stationery Office, Adastral House, Kingsway, W.C.2., price 
4 $. 6d.) contains a most interesting series of microphotographs 
of the structure of a coal-seam. Horizontal and vertical 
sections of the seam are taken at intervals of i inch from the 
seat earth to the roof of the seam, and then photographed 
with a magnification of 20 diameters. The paper contains 
reproductions of one hundred of these sections taken from the 
Lanterne Seam of the South Wales Coal-field in the Lomax 
Palseo-botanical Laboratory by Mr. J. Lomax, who has prepared 
a series of such microphotographs from many of the more 
important seams in the country. The reproductions show 
many beautiful examples of well-preserved plant structures ; 
suitable notes on each being given in the letterpress. The 
Introduction, by Mr. R. V. Wheeler, contains one curious 
sentence. He says that “ This report . . . should have a 
high educative value.” Presumably there is really none of 
the doubt implied by the ” should,” for the monograph must 
have been distinctly expensive to produce, and it should have 
been possible to determine its value beforehand. 

The reclamation of petrol used in dry cleaning is discussed 
in Technologic Paper No. 280 of the Bureau of Standards, 
Washington. A number of the processes which have been 
utilised for this purpose are discussed and criticised, and that 
which has proved most satisfactory is described in detail, 
indeed working plans for plants of different sizes are provided. 
The process recommended consists in mixing ” activated ” 
carbon (i.e. carbon specially treated to increase its decolorising 
power^ with petrol, and then pouring this wetted carbon into 
the dirty petrol from the storage tank. Finally, the sludge 
formed is induced to settle quicluy by the addition of a water 
solution of trisodium phosphate. In the course of a short 
time (g.g. an hour) the petrol is cleared and can be syphoned 
off as a water-white product. It is stated that 2,200 gallons 
of dirty petrol may be purified with 15 lb. of trisodium phos¬ 
phate, and 13 lb. of activated carbon. The quantity, of course, 
aejpends on the extent of the dirtiness, but the cleaning agents 
can be used several times—until the syphoned liquid ceases to 
be white. 

An interesting account of the Finno-Ugrian peoples is 
given in a monograph (in English) entitled. The CentMogy of 
the Finns, by U. T. Sirelius (Government Printing House, 
Hdsinki, 1925). This race includes the Finns, Esthonians, 
and Marais, who form independent civilised States, and, in 
addition) the Carelians, distributed in various parts of Russia ; 
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the Lapps, estimated to number only 30,000 persons, of whom 
20,000 live in Norway; the Mordvinians, and Cheremisses who, 
to the number of about 3,000,000, inhabit the Volga region; 
the Votyaks and Siryenians, mostly living in the Permian 
region of Russia, and the Voguls and Ostyaks in Siberia. No 
systematic anthropological research covering all these peoples 
has yet been carried out, but it is clear that they no longer 
form a stock which is even approximately homogeneous. 
Their origin is uncertain; there is no conclusive proof that 
they are related to the Mongolians, and, having regard to 
certain ancient common roots, it seems more probable that 
they belong to the Indo-Germanic group. The monograph is 
illustrated by many photographs, and contains an account of 
a number of curious customs, from among which the follow¬ 
ing may be quoted. It refers to a modification of marriage 
by capture which used to be practised by the Mordvinians. 
“ At midnight the bridegroom’s father put a crust of 
bread with honey on the gate-post of the house from which 
the girl was desired, and then approached a window and 
courted her on his son’s behalf. If he afterwards escaped 
without being caught by the girl’s father and his friends, the 
courtship was regarded as binding.” 

Volume iv of the Chapters in the History of Science, edited 
by Dr. Charles Singer, is entitled. The History of Mathematics 
in Europe, and is written by J. W. N. Sullivan (London, Oxford 
University Press, 1935, price 2s. 6 d. net). The period treated 
extends from a.d. 600 to the work of Laplace, and, although 
the book contains only 110 pages and is plentifully illustrated 
with diagrams and portraits, the author has succeeded in making 
the sto^ an extraordinarily interesting one. With so small a 
space it necessarily follows that only the most important 
steps in the history of the subject could be touched upon, 
and this is really an advantage from the view-point of those 
unacquainted with the history. Reproductions of original MSS. 
and examples of the notation employed in the pre-Newtonian 
period help to make clear the difficulty which mathematics, 
even of the simplest kind, must have presented in those da^. 

Students of chemistry will feel grateful to Mr. W. H. 
Patterson, of East Inndon College, and to Messrs. Methuen 
for the translation and publication of Arndt’s Summary of 
Physical Chemistry (pp. 92, price 3s. 6 d. net). It contains a 
brief account of all the fundamental facts and theorems 
required by a student preparing for an Honours examination 
expounded briefly but in a connected and reasoned manner. 
The book will also be found useful to the physicist for reference 
purposes. 

Messrs. Williams and Wilkins & Co. of Baltimore, UJ 5 -A. 
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(London Agents : Bailli&re, Tindall and Cox, 8 Henrietta Street, 
Movent Garden) have published a book entitled, Preparation of 
Scientific and Technical Papers, by S. F. Trelease and E. S. 
Yule (price 7s. 6d.), which should be read by every postgraduate 
Student. It forms a complete guide to the preparation of a 
paper and to the correction of its proofs. Such a work is 
oa^y needed, and the book should find a place in every college 
library. 

Early this year Sir Arthur Schuster, F.R.S., contributed a 
short but interesting paper to the Royal Society on the " Life 
Statistics of its Fellows” {Proceedings A, vol. cvii, 1925). 
He concludes that the average “ life of Fellows of the Royal 
Society is, on the average, nearly six years longer than that 
given in the tables which have been used ”—he means the 
Table of Life Statistics published in Whitaker's Almanack. 
This will be encouraging news for surviving Fellows who are 
advancing in age. 

Messrs. Blackie & Son have recently issued an admirable 
book called Evolution in the Light of Modern Knowledge, con¬ 
sisting of essays on the subject written by thirteen contributors, 
idl distinguished for their work in this line. The book has 
reached us too late for a review in this number, but the excel¬ 
lence of the essays deserves wide attention, and the book 
promises to become a scientific classic (see Books Received). 

We have received some more literature on the subject of 
Rabbit and Rat Extermination from the originator of the 
method advocated, namely, Mr. W. Rodier of 327 Collins 
Street, Melbourne, Australia. His polemics on the matter are 
always extremely amusing, and are illustrated with amusing 
drawings, especially that of the Sceptic scratching his long 
and hairy ear. From what the author tells us his method is 
gradually beginning to gain favour in Australia. Those who 
have themselves tried to induce men to save their own lives 
on the large scale, with but slight success, will know how 
difficult it is to persuade the hairy-eared gentlemen who compose 
the mass of the public to try anything new, even in the interests 
of their own health, much less in those of their possessions. 



ESSAYS 

TKX AVUCJlTS XOSBl OT PXTSZOAL rBOOmS (loAui 
0. Orecory, B.8e.). 

The startling burst of heat from watered lime excited specula¬ 
tion in seventeenth-century chemists and their OTedecessors. 
In one tradition it was a response to a threat. The internal 
heat of the lime was menaced with quenching by the cold of 
the water, and invigorated by the menace. This increase of 
a “ besieged quality ” to resist attack from another was not 
confined to the internal heat of lime. Authority, reason, and 
experience were presumed to confirm aniiperisiasis. Boyle 
(1637-91), noted the vogue of this doctrine, and a general belief 
in its application to the heating of slaked lime.^ Principles 
often acted, according to Sir Francis Bacon (1561-1626), with 
increased energy through the antiperistasis of their opposites. 
Such antiperistasis, resistance roused by a threat from an 
opposite, was one alternative explanation, Bacon also suggested, 
of the heat emitted by watered lime.* This principle was 
familiar enough to be applied, during the seventeenth century, 
to the doubling of penury by the antiperistasis of plenty in 
others, and, in 1703, to the spiritual antiperistasis that increased 
the heat of grace against the cold blasts of persecution.* Anti¬ 
peristasis in physical science, as in other spheres, was the 
reaction roused in a quality, or some principle, by a- threat 
from its opposite. 

A squeezed gas resists more violently as it is more com¬ 
pressed, but neither this nor other purely physical occurrences 
were responsible for antiperistasis in physical phenomena. 
Menace obtrusively quickens animals or men into vigour. 
The desperate turn of a cornered animal upon its assauant, 
the fierceness stirred by anger, and men braced by emergencies, 
are more likely sources for the doctrine. Bacon, perhaps 
unwittingly, when he recognised the same antiperistasis in 
both physics and the contests of factions,* hinted at an animate 
model of physical theory. Boyle deprecated the comparison 

* Birch. The Works of the Hon. Robert Boyle, 1772, ii, p. 660 ; Hi, p. 479; 
iv, pp. 60, 246. 

* Bacon, Novnm Orgonum, ii. 12, 13; Historia Ventorum; Historin Dtn$i 
$t Rari. 

■ Murfay, Hew Eng, Diet,, 188B. 

* Macaulay, Essay on Lord Bacon. * 
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of inanimate cold and heat to self-invigorating living creatures. 
Inanimate agents acted by necessary impulse that permitted 
no resilient collection of power against opposites.* This 
implication of an animate model applied to physical process 
in antiperistasis is confirmed by the nature of the general 
mental milieu. One key to the course of physical science is 
the primacy of the animate, or psychical, model in interpreta¬ 
tions of nature. The doctrine of antiperistasis was a conse¬ 
quence of an inveterate preconception, and remains an his¬ 
torical index of it. Chemistry did not break decidedly with 
an old predilection for attributing animate habits to inanimate 
substances until the end of the seventeenth century. No 
single date is an absolute dividing line between animistic 
chemistiy, with its hankering after the animate model, and 
mechanised chemistry, with its preference for the mechanical 
situation. Chemists like Boyle had substantially forsaken 
the animate model of physical process before the seventeenth 
century closed. There were survivals of the old mental habit 
well after the eighteenth century began, a.d. 1700, however, 
is a convenient, significant single year to date a virtual exclu¬ 
sion of an inveterate preconception from physical science. 
Rational science was domiciled in Europe, according to 
Berthelot, in the eighteenth centuty.* 

If the parallel between the microcosm and the macrocosm 
was explicitly drawn in Babylonia, long before the Christian 
era, as Berthelot averred,’ thought openly announced, at an 
early date, its propensity to think of things as if they were 
alive, Man, the microcosm, reduplicated the universe in 
which he lived, the macrocosm. Man was a miniature universe ; 
the universe a magnified man. Inference could proceed 
from the macrocosm to man ; deduction, relevantly tp the 
present theme, could inversely extend from the microcosm to 
the universe without. When Albertus Magnus (1193-1380) 
affirmed that man is, in a sense, the microcosm or image of 
the universe,* he repeated a constant mediseval tradition. 
Correspondence between microcosm and macrocosm has been 
called the central dogma of mediaeval science between 400 
and 1543. The speculations of the Timams were grateful to 
this indurated mediaeval doctrine.’ When Plato wrote the 
TimeBtta in the fourth century b.c., he prepared a constant 
source of cosmological and physical concepts for his successors 

* Boyle, loc. dt., ii, pp. 662-3. 

* Berthelot, Les Origines De L'Alchimie, 1885, Pref. 

* Berthelot, loc. eU., p. 51. 

’ Thorndike, A History of Mt^ and Eapermental Scionce, otc,, 1933, 

il, p.^7. 

Su4^, Mediaval Contributions to Modem Civilisation, ed. HemMhaw, 
1931, pp, 114 ff. 
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and the Middle Ages. Jowett^ in his introduction to the 
TimcBtis, commented on its obscurity and repulsiveness to. a 
modem reader. Its confusions, however, because they were 
natural to the infancy of phjrsical science, were congenial to 
early and mediseval minds, and no other writing of Plato's 
equalled it in influence over the pre-modern world. Curious 
as Haskins considers the fact, the influence of Plato persistently 
pervaded the Middle Ages.^ The comparison of the world, 
or universe, to an animal, that is the backbone of the argu¬ 
ment in the Timoeus, has an obvious affinity with the micro¬ 
cosm and macrocosm parallel. Bacon charged the philosophy 
of Pythagoras with planting the " monstrous imagination ” 
of a world which was “ one entire perfect living creature," 
and accused Plato and others of watering and nourishing it.' 
The attempt to unite contrary excellences in a single fi^re 
was connected by Sir Joshua Reynolds with degeneracy into 
the monstrous ; the philosophical attempt to compress the 
universe into one single creature had inevitably extravagant 
results. The belief flourished and prospered : a Stoic tenet 
identified the world with an animal.* Donne, preaching in 
the seventeenth century, spoke of man’s body as God's 
recapitulation of nature.* From the sixth century before 
Christ Greek medicine treated man as a miniature universe.* 
The deliberate parallel between the microcosmus in man and 
the macrocosmus in the world was drawn in Babylonia and 
in Greece. It was fostered by Plato and the Platonic tradition. 
It dominated the mediaeval world. That whirlwind of the 
Renaissance, Paracelsus (1493-1541), who swept like a storm 
through the first half of the sixteenth century, preserved the 
ancient opinion that man was an abstract or model of the 
world. He and the alchemists. Bacon noted, strained the 
parts of the human body into fantastic-correspondences with 
stars, plants, minerals, and all the furniture of heaven and 
earth.' ^ 

The modem microcosmic salt, which occurs in the secretions 
of microcosmic man, is a relic of an old, dominant doctrine^ 
Boyle recorded the just complaint of Heraclitus, some five 
hundred years before Christ, that men searched the microcosm 
for knowledge of macrocosmic things.* In 1543 Paracebus 
still tempted thought into interpreting the physical world as 
if it resembled an animal or a man. The microcosmus-macro- 

* Haskins, Studies in the History of Mediaval Seienee, 1924, p. 88. 

* Bacon, Nat. Hist., x, 900. 

* Berkeley, Siris, 1744, Par. 194. 

' Donne's Sermom, selected by Keynes, 1933, p. 124. 

* Brett, A. History of Psychology, Ancient and Patristic, 1912, p. 18, 

* BSbon, Adv. Learn., ii. 

' Boyle, ioc. oil., iv, p. zdj, 
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6i)smus paralld, though man]^ concepts conspired to make it, 
was, in one aspect, an explicit expression of an inveterate 
predisi>osition. Primitive animism clearly reveals an inclina¬ 
tion implanted in the human mind to model physical things 
on conscious, or animate, beings. Elliot Smith and Perry 
regard primitive personification as more an occasional than 
a prevalent habit. Primitive personifications are specifically 
prompted confusions of objects with human beings.^ Abso¬ 
lutely indiscriminate animism need not be chatted against the 
primitive who clearly reveals a pervading predisposition to 
think of phjrsical things as if they were conscious, or animate. 
Nor was the animate model indiscriminately applied, without 
qualification or remission, to the study of physical things 
from Plato and Aristotle to the end of the seventeenth century. 
The human body is the typical physical object,* and was the 
primary model of physical things. Animism frankly extended 
Its animation and consciousness into inanimate nature. The 
doctrine of the microcosm and the macrocosm expressed a 
persistent comparison of the inorganic world to living beings. 
The doctrine of antiperistasis disclosed the haunting of inanimate 
things by concepts derived from animate existence. The 
mechanism of the physical world, the qualities of non-living 
things, and physical processes were primarily modelled on the 
natures, qualities, and methods of performance discovered in 
the animate world. Primitive animism proceeded from this 
fundamental predisposition ; the microcosmus of mediaeval 
theory explicitly confirmed it; till the seventeenth century 
closed it constantly pervaded chemistry. Deductions from 
human beings, animals, and plants constantly invaded inter¬ 
pretation of the physical world. The vogue of the animate 
model of physical process is constantly discernible in specu¬ 
lative science till Descartes prompted its expulsion during the 
seventeenth century. 

Jean Rey did not at;gue superfluously in 1630 that lead was 
not alive.* From about 800 to 1400 the Arabian alchemists 
often compared the conversion of *' imperfect " metals into 
“ perfect ” gold to the treatment of sick men with drugs.* 
The totemistic Australian who regards the kangaroo as his 
dansman presumably realises that men and kangaroos are 
not identical. The /frabian alchemist could distinguish metals 
from men without prejudidng the fundamental analogy 
between the furnace for imperfect metals, or the elixir for then: 

* Appendix by Elliot Smith to Rivers, Conflict and Dream, 1923, pp. 189 f. 

■ Broad, Seientifle Thought, 1923, p. 444. 

* Essays Jean Rey. 1630, Alembic Club Reprint, No. ii, 1895, p. 36. 

* Kopp, Gesehiehle der Chemie, i, 1843. p. 47 ; Holmyard in SamncM 
PaooaBSS, 1923, 17 , Arabic Chemistry, p. 237. 
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perfecting, and the hospital for the sick. The compariaon 
between metals and sick men was literal, but not absolute. 

Many alchemists, Nicolas Lemery noted in the later seven* 
teenth century, sought the " seed ” of gold in gold itself, as 
they might search a plant for the seeds that propagated it. 
They abo searched in other metals, and even in vegetables.* 
Seminal and plastic'powers, suggested by growth from seeds 
or other vital phenomena, were still invoked for phjrsical 
things in the seventeenth century. Some chemists still 
applied seminal principles to metals, and extended to the inor* 
ganic world the fermentative action of dough or maturative 
powers. Even Boyle, who insisted on the mechanical model 
for physical process, occasionally hinted at animate habits in 
physical things. He implied recourse to the animate model 
in others, and affirmed his own ordinary mechanical methods 
of interpretation, when he protested against seminal principles 
in inanimate things. He deprecated the comparison of purely 
chemical processes to transformations in animals or plants 
under the plastic power of the seed, or something analogous. 
He questioned the operation of an “ architectonick principle " 
ini the regularity of alum cr5rstals : disposing powers were 
presumed to direct the geometric regularity of crystallisation 
as well as the freer growth of plants. “ Divers subterraneal 
bodies,” however, seduced him into a speculative return to 
the animate model. He suspected them of constantly emitting 
effluvia, and, since they were incessantly active, of possessing 
a “propagative, or self-multiplying power,” * 

It was known in the sixteenth century that the red product 
of calcined lead was heavier than the original metal. It was 
also a received tradition that a dead body weighed more 
than when it was alive. The contrast between the dead 
weight of a corpse and the pliancy of a living burden probably 
originated the belief: some apparently thought that the dead 
body did weigh more because it could not assist in its own 
removal. The recess of animal and vital spirits was noted 
by Boyle as the usual explanation. The light, agile spirits 
enlivened the living body, diminished its weight, and left it 
heavier when they withdrew in death.' Cardan compared the 
red calx of lead to the dead body of the living metal. The 
lead lost its soul in the furnace, and the dismembered metal, 
deprived of its enlivening principle, left a corpse heavier than 
itself.' Rev’s argument was directed specifically against 
Cardan. Plants and animals had grouped, or co-ordinated, 

' Lemery, A Comru of Chymistry, tranil. Harris, 1686, pp. 49*50, 

* B(^le, toe. eit.. i, p. 509; lii» PP. i v, pp. 46, 4x0. 

■ Boyle, toe. eit., iii, p. 589. 

' Cardan, d* Subtilitate, 1550, Bk. 5. 
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organs, he urged, but lead had none. The calx of lead, because 
it could be restored to metal by heating with charcoal, was 
unlike the corpse that could not return to life. Rey protested 
against an inveterate preconception, for metals suffering from 
sickness, ripening from seeds, and provided with souls, were 
subject to the vogue of the animate model of physical process. 

The obtrusiveness of this vogue in metals, antiperistasis, 
and in the microcosmic parallel with the macrocosm, suggests 
the surmise that the traditional preference of like for like 
presupposed, though it might often be unwittingly, animate 
habits in inanimate things. Hippocrates, about the fifth 
century before Christ, whether he were a single man or a 
syndicate of physicians, thought that like unites with like,* 
and, though Aristotle admitted the indiscriminate collection 
of homogeneous and heterogeneous things together by cold as 
well as the segregation of kinds by fire,* Stahl, as the eighteenth 
century opened, tried to prove that only resemblants combined,* 
and Beccner, just before him, that uniting substances had a 
common principle.* The mediseval readers of the Timceus 
would be familiar with a cosmic scatter of unlike elements, 
and a close contact between those that were most similar. 
They would be familiar with battles between elements in 
which, if substances did not escape to their own kin, they 
were assimilated to their victors that they might dwell with 
them. They would be familiar with weight as a tendency 
towards kindred elements. They would be inveterately pre¬ 
disposed towards approaches between likes and repugnances 
between unlikes. Attraction, or attractive forces, did not 
become an effective chemical, or physical, concept till Newton 
Impressed it upon eighteenth-century science. So long as the 
notion of attraction lurked subordinatively, or received casual 
attention, so long as it waited in the queue of concepts that 
waited for recognition, it was dominated by the preference 
of like for like. Wh.en Bacon suggested attractive forces he 
conformed them to this preference. He thought that the 
*' very forcible shoot " of the “ Turkish Bow ” could drive a 
wooden-headed arrow through eight inches of beam because 
wood attracted wood. The attraction of the target for its 
kindred wood augmented the pierce of the springing bow. The 
** motion of attraction,” he added in the spirit of the traditional 
preconception, was by ” similitude of substance.” Indis¬ 
criminately acting gravity killed the draw of lead upon lead, 

* Kopp, loc. dt., iii, 1845, p. 55. 

* Axistotle, De Geiurat. $t Corrupt,, ii, a. 
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or of gold by gold, unless violent motion, like the rush lof a 
sped arrow, hilled gravity itself and allowed similar substances 
to indulge their natural attractions.* The i)reconceptive 
influence of presumed approaches between likes is evident in 
Bacon’s speculations. In the constant tradition from Hippo¬ 
crates to Stahl that unions occur between likes the animate 
model may be surmised in versions of physical process. An 
ass to an ass seems beautiful; a pig to a pig, so ran the old 
saw. Perhaps deliberately by some and unwittingly ^ by 
others, the clannishness of life may have been imported into 
physical combinations. 

The animate model is more surely discernible in seventeenth- 
century doctrines of strife between opposites. Though 
hostility between acids and alkalies was a metaphorical plurase 
for a mechanical process from some pens, distinct animistic 
implications lingered in descriptions of effervescent encounters. 
Boyle’s criticisms implied attribution of literal duels to alkalies 
and acids. He was dissatisfied with the fundamental notions 
of hostility between acids and alkalies, and of friendship within 
their tribes. Morals and politics were inappropriately intro¬ 
duced into purely mechanical transactions.* The haunting of 
the acid-alkali relation by animism lingered curiously in 
Hermann Boerhaave. A female alkali impregnated by a male 
acid suggests an animistic relic. When Boerhaave wrote his 
systematic treatise in 1732 he insisted that chemistry changes 
by motion alone, and constantly propounded mechanical 
explanations, even of effervescence between alkalies and acids. 
Yet a male spirit of nitre (nitric acid) generating its own kind 
by producing nitre from many fixed alkalies, whether they 
were obtained by deflagrating nitre, or from tartar or potash, 
su^ests a lingering vogue for the animate model. Boerhaave 
may have metaphorically introduced sex without animism 
into the acid-alkali relation, and trusted his contemporaries 
to avoid misconception. If his female alkalies and male 
acids were only metaphorical survivals, they were nevertheless 
survivals of an attribution to inanimate bodies of animate 
habits.' 

The spiritus rector of eighteenth-centu^ tradition was the 
ruling spirit of vegetables, resident in their oils, very volatile, 
unproducible by art, imparting taste, and lending odour to 
individual plants.* Isaac Hollandus in the fifteenth century, 
and Paracelsus in the sixteenth, had endeavoured to extract 

* Bacon, Nat, Hist., viii, 704. 

* Boyle, loc, cit., iv, pp. 384 ff. 
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^inUsssnces from plants by repeated distillations, extractions 
wdtl alcohol, and other methods. These quintessmt prepara¬ 
tions condensed minute traces of powerful essences, and could 
animate the spirits ” of other substances. The spiritus 
i^tctof of alchemistic tradition appeared in Boerhaave as the 
thin, subtle, pure “ spirit,” that was charged with the plant’s 
fragrance, lodged its taste and colour, and directed its life. 
Potent in effect and minute in amount, it lay fettered in the 
oil. As Boerhaave received it from tradition he displayed the 
influence of the animate model upon its conception. The 
spiritus rector was a chemical soul. The spiritus rector of 
cinnamon, according to Boerhaave, resided as ” a very small 

E article,” in a “ very small quantity of oil.” It had a chemical 
ehaviour, for it could be distilled from a retort or dispersed 
through water. It also behaved like a purposive, effective 
mind or soul. It nourished the organism ; it turned many 
things to the proper nature of the plant by impressing specific 
characters on the food of the embryo ; it probably breathed a 
” vital principle.” Every animal, as well as every vegetable, 
had its aura, spirit, or spiritus rector. Each spirit presided 
over the destiny of a plant or animal. Each had its cycle of 
residence in the air, an impregnating return to the bosom of 
earth, a period of directive animation, and a return to air.* 
” Spirits ” were traditional combinations of subtlety and power. 
The term ” spirit ” was used with apparent inconsistency, now 
to denote mere volatility and now with a more interior signifi¬ 
cance,* because it was doubly modelled on the physical aspect 
of the human body and on its informing soul or mind. Some¬ 
times spirits were more physically conceived by an emphasis 
on the volatile and tenuous nature of their substance. They 
were often purely material volatiles or fine essences. Some¬ 
times they more emphatically approached the nature of mind 
or soul. When this emphasis fell most heavily they might be 
immateriate. Sometimes, like the spiritus rector of Boer¬ 
haave, they obviously united the physical characters of a 
tenuous or volatile body with the directive powers of a soul. 
The vogue of the animate model of physical process is manifest 
in the eighteenth-century spiritus rector and its progenitors. 

The eighteenth-century spiritus rector throws a retrospective 
light upon the “ ferments ” of the sixteenth and seventeenth 
centuries. Each human being, according to Paracelsus in the 
ihcteenth century, had an alchemist in his stomach : a presiding 
Archseus sorted out the food into wholesome and poisonous.' 
In the philosophy of Van Helmont (1577-1644) "ferments" 

* Boerhaave, toe. cU., i, pp. 143 i., 168 f., 326; ii, pp. 155 1. 
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were the agents of chemical and physical changes. Boerhfaye 
complained that the alchemists, seduced into wide mdatal 
wanderings by casual resemblances, made metals ferment. 
He restricted the term “ ferment ” to bodies that excited, 
increased, and promoted vegetable fermentation.* If the action 
of leaven upon dough, and similar actions, prompted the 
ferments of seventeenth-century chemistry, the conception 
spread widely from this original prompting. Boerhaave’s 
spiritus rector was confined to animate beings and perhaps 
restricted to particular operations in them. Van Helmont's 
ferments were the performers in all changes, and he adopted 
the Paracelsian Archaei as pontiffs among them. Archsei 
directed the lives of animals and plants ; many minerals and 
metals, because they grew, had each a presiding Archaeus. 
The animate model had mastered the chemistry of Van Hel- 
mont. Each Archaeus presided over birth and continued to shape 
the existence of the being till the end of its life. This spirit 
had an “ idea ’’ of the being it intended to beget, and fashioned 
it according to that idea. The ferments and pontifical Archasi 
made little pretence to chemical or physical nature, though 
they were chemical and physical agents. The spiritus rector 
was material, though exiguously and tenuously; Van Hel- 
mont’s ferments were spiritual principles, dispersed at the 
creation throughout the universe.' The spiritus rector was a 
chemical soul; his ferments were souls without bodies, or 
souls incarnate in substances. The notion of a ferment varied 
with different speculators in its emphases on the material and 
animate sides, and the spiritus rector conveniently typifies the 
seventeenth-century “ ferment.” The famous Aristotelian 
definition, or analysis, of causation was obviously based upon 
an animate model. It has been succinctly described as ” a 
matter on which an agent impresses a form, in order to express 
an end or purpose.”' A potter shaping a jug to hold and pour; 
that is the obvious model of the influential Aristotelian tradition. 
The ferments of Van Helmont are irresistible suggestions of 
efficient Aristotelian causes, corresponding to potters, aiming 
at ends corresponding to the hold and pour, shaping, corre¬ 
sponding to the formal cause, substances that correspond to 
the material cause. More concisely. Van Helmont propounded 
an animistic chemistry : he sprinkled matter with souls. 

The animistic chemistry of Van Helmont was dispersed at 
the end of the seventeenth century. When Boyle compared 
the material world to an automaton operating mechanioaffy 
he established a notion in chemistry that was essenti^ for ^ 
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success. He could mechanise chemistry without the Epicurean 
aiB^nt to Providence by accepting a mechanical world from 
the hand of God.^ Chemistry was definitely committed by 
Boyle, Lemery, and others, to the mechanical model of 
physical, or chemical, process when the century closed. Van 
Helmont’s animism required a powerful force to disperse it, 
for his voice did not cry alone in the wilderness. A deferential 
note runs through the references of subsequent chemists to 
the famous Belgian mystic. Nor could his philosophy have 
grown without some consent from the mind of the day. The 
corpuscular fervour of a group of chemists, that included Boyle, 
Lemery, and Mayow, provides the cue to the dispersal of Hel- 
montian animism. The invasion of chemistry by the corpuscle 
in the seventeenth century is one most striking feature of its 
history. The atom, or corpuscle, had been substantially both 
barred and banned from the beginning of alchemy, which was 
the infancy of chemistry, till the seventeenth century. Then 
it came, conquered, and was domiciled in power. The coming 
of the corpuscle represents the sweep of a great power into 
science. Any, or almost any, substantial sample from the 
profuse writings of Boyle will contain the name of Descartes, 
and often the name of Gassendi. The clean Cartesian cut 
between extended matter and thinking non-extended mind 
offered the material world to the chemist as a mechanical 
domain. This gave a shrewd blow to animistic chemistry. 
The corpuscle gave the coup de grdce. Descartes, who per¬ 
petuated an old prejudice against voids, offered science a 
crush of corpuscles without interstices. Gassendi offered the 
old free-moving atom of Greek atomism. The corpuscular 
mechanism, though it doubtless received its first impetus 
from the dominating influence of Descartes, leaned on the 
Gassendi concept. The conviction that mechanical forces 
operated in the material world was embodied in explanations 
by corpuscular mechanism. Animism could be accommodated 
to material machinery, on the analogy of the automatic motor¬ 
car controlled by a chauffeur. The corpuscular mechanism 
substituted an effective agency for ferments and Archaei. 
During the early years of Descartes after his birth in 1596 
Helmontian animism was a power in chemistry. After his 
death in 1650 Boyle, impressed with the Cartesian mechanical 
world of matter and equipped with the interpretative corpuscle, 
steadily, in conjunction with other chemists, committed the 
science to the dominance of the mechanical model of process. 
Descartes and the corpuscle, through the great chemists of 
the later seventeenth century, mecmanised the science and 
disestablished the vogue of the animate model. 

* Boyle, Th$ Or^n$ of Fomut imd QualitUs, 1667, pf, lot-y 
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Though Boerhaave Iredy accepted the mechanica! model 
of physical process, and reliM on a corpuscular mechanism |er 
agency, he retained the spiriius r$etor for plants and aninuds. 
The Archaeus of Van Helmont, Liebig remarked, was trans* 
formed into “ vital force ” during the eighteenth centidry.^ 
Vitalism might be described as a chemistry partially, perhaps 
very greatly, purged of the animate model of process. Boer- 
haave surveyed a mechanised chemistry, theoretically based 
on mechanical models; but he retained the spiritus rector, 
based on the animate model, in the sphere of life. The animate 
model, now with its animism thickened and now with it 
thinned, persistently suffused concepts of physical process till 
the seventeenth century ended. Then the mineral kingdom 
escaped from its sway. Physical and chemical processes 
proper were abandoned to the mechanical model. The animate 
model, however, though expelled from its inappropriate locale, 
was retained in the more appropriate sphere of animate things. 
Vitalism, at any rate in one aspect, was this retention. No 
single phrase or single concept will compass the vitalistic theories 
of Stahl and his successors ; but, in one very real sense, 
eighteenth century and subsequent vitalism confined to the 
sphere of life the animate model that once determined the 
concepts of all chemical and physical processes. The vogue 
of the animate model is one great feature in the history of 
human thought. It is one key to the origin, spread, and 
vicissitudes of many concepts. Its exclusion by the mechanical 
model of process from all transformations that could be reason¬ 
ably rerarded as physical or chemical was an important moment 
in the history of science. 

ARMS oiaox oonBiBirrzom to orancuA ■ozn«» 

(J. 0. F. Dnoe, F.I.O.). 

In May of this year Prof. Bohuslav Braun^, Director of the 
Chemical Institute of the Charles University of Prague, attained 
Ms seventieth anniversary, a fact which has not passed un¬ 
noticed in scientific circles in Great Britain and other countries. 

The event presents an occasion for a survey of the past and 
present contributions of the Czechs to our knowledge in tte 
various branches of chemical science. 

Prof. Brauner himself is perhaps best known to the English- 
speaking scientific public on account of hb intemauonal 
reputation as an inorganic chemist who has made painstakiiig 
investigations in the rare-earth elements, and for his studies 
in s^tematic chemistry. These included the early advocacy 
of Mendeleef's Periodic Qassification of the Elements. Indeed, 
it was largely throi^h Brauno^s ^orts that the Rusrian 
* LkUg, LMere oo Ckmimby, No, 4. 
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jnvant’s work did not suffer the same fate as Newland’s Law 
of Octaves. Later, Prof. Brauner did much to extend and 
perfiect the system, and many of his discoveries have given 
si4>port to Mendeleef's scheme. 

Prof. Brauner's connection with this country dates from his 
Student days at Manchester (of which University he is Honoraiy 
D.Sc.) in the early 'eighties. It was here that he first liberated, 
in 1881, small amounts of fluorine by decomposition of fluo> 
plumbates. This was prior to Moissan’s work—a point which 
seems to have been overlooked since. 

He has made a very careful study of a number of rare-earth 
elements and their salts. He found that cerium is quadrivalent 
in many of its compounds, and that the old didymium was 
complex. From it he succeeded in isolating the elements 
praseod5rmium, neodymium, and samarium. 

As early as 1877 he had shown that beryllium is bivalent, 
and therefore has an atomic weight of 9, and takes up the 

P osition at the head of the alkaline earth group in Mendeleef’s 
able. He has published much work on the determinations of 
atomic weights, making a special study of those of the elements 
beryllium, thorium, praseodymium, neodymium, lanthanum, 
and tin. In analytical chemistry he carried out many investiga¬ 
tions on the best methods for estimating the elements quanti¬ 
tatively. Many years ago he advocated the oxygen standard 
as the basis for atomic weight calculations, in preference to 
taking hydrogen as unity. This suggestion was ultimately 
adopted by the International Gimmittee. This work, the value 
of which gradually came to be recognised, gave him some 
prominence, and he ultimately became a member of the Inter¬ 
national Committee for Atoms, and is now the president of 
the Sub-committee for Atomic Weights. 

In addition to his original memoirs, he undertook the 
important task of writing for Abegg’s Handbuch, the " critical 
discussions ” of the atomic weight determinations of the ele¬ 
ments. These have proved of immense value to subsequent 
workers in this field. 

Prof. Brauner’s interests are very wide. In addition to 
beii^ a great traveller and linguist, and possessing a wide 
knowledge of English fine Art and literature, he is a keen 
sportsman and mountaineer. He was one of the founders of 
the Czech Ski-ing Club, and introduced an early type of cycle 
into Bohemia, participating himself in road races. He la a 
keen huntsman, and has had many and varied bags. Naturally 
of late years many honours have been bestowed upon him. 
Tliese include the Honoraty Membership of the Chemical 
S 6 <asty (Ixtndon), and the Croix de Chevalier de la Ligbn 
d'Honneur (France). In Bohemia he has done much to fMter 
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an interest in science, and through his efforts the new ChenloM 
Institute was erected in 1903. 

Since then many important scientific communications have 
emanated from the Chemical Laboratories of the Charles 
University. Some of them have appeared in the Transactions 
of English Societies, including those of the Royal Society, 
the Faraday Society, and the Chemical Society. But the fruits 
of his efforts cannot be better exemplified than by reference to 
the Jubilee Volume ‘ just issued by Brauner’s Mends and 
pupils, in accordance with the continental practice on such 
occasions. The Czech scientists who constituted the Publica¬ 
tion Committee of this volume are to be congratulated upon 
the high literary and scientific standard of their work. A 
striking originality and simplicity of method characterises the 
Czech procedure in attacking chemical problems. Their 
results are described in a language other than their own. Ilius 
most of the contributions are in English, two are written in 
German, and a few are in French. 

The best-known Czech organic chemist. Prof. E. Votoiek, 
who spent many years in Paris, have contributed, with Dr. 
Lukes of the Prague Pol3rtechnic, a paper dealing with the 
oxidation of the sugar alcohols. This communication is of 
importance as a contribution to stereochemistry. 

Prof. J. St€rba-Boehm, of the Pharmaceutical Institute of 
the Charles University, a distinguished chemist who studied 
under Moissan at Paris, is responsible for two papers (with 
Mile Auerspergovd and Dr. V. Matula as collaborators), on a 
study of quadrivalent lead and the volumetric estimation of 
cerium. 

Of three papers from the Brno Technical College two deal 
with the nitro-compounds of naphthalene derivatives and their 
reduction products, whilst the third, by Prof. HR. Vondrafcek 
and I 2 dk-Krizko, describes a very careful investigation on the 
influence of impurities in zinc on its solubility in acids. There 
is an unusually interesting article, ^Iso from Brno, but from 
the Masaryk University by Prof. A. Simek and Mile KadlcOvA, 
in which a new electro-kinetic phenomenon is recorded. It is 
found that drops of fused tellurium dioxide on a platinum surface 
heated by direct current move away from the negative and 
towards the positive pole. The velocity of movement is found 
to be proportional to the current strength. Experiments with 
other substances are also described. 

Other interesting topics dealt with in the papers are: 
The Exact Poientiometric Titration of Cerium Salts, by Dr. 
Tomicek; Investigations on the Precipitation of Ferric tmd 

< Niuniro jnbilaire en I'Hoimaur dn Ptof«Menr Bohnsbiv Btaoner palAli 
par AM amia et iUves ea Commemoration de son 700 aonivetialn. 
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Ferrous Suiphidts, by Drs. Kfepelka and Podrouiek ; Trivahni 
CoppiTt by Dr. Vrtis ; Mannitol-Aluminates, by A. Hetasy- 
menko ; and The Action of Vapours of Organic Liquids on the 
Surface Tension of Water, by V. Kofan. 

The last hundred pages or so are taken up with a description 
of a series of investigations with the dropping mercury cathode. 
These researches have been carried out under the direction of 
Prof. J. Heyrovsk]^, who studied in London under the late 
Sir William Ramsay and Prof. Donnan at University College. 
In these there is the first exact determination of the change of 
over-voltage with the hydrogen ion concentration. A new 
theory to account for over-potential is given. A feature of 
the work is the illustration with “ polarograms ” taken with the 
aid of He5nrovsky and Shikata's " Polarograph.” 

It is thus evident that Prof. Brauner has laid the foundations 
of a flourishing centre of research which has quickly attained 
a high position in science for the free Czechoslovak nation, 
which has shown so much promise in other intellectual spheres. 

TXB XOSQtrrrO-TKBO&T OF MAIiABZA AITO FBB XULTS 

F&OF. O. B. OBA8BZ (Sir B. Bom). 

The death of this well-known zoologist occurred on the 4th or 
5 th of last May at Rome ; and I fear that some recent obituaries 
of him compel me to add a few corrective remarks which are, 
unfortunately, demanded in the interests of scientific accuracy. 

He was born in 1854, and studied medicine and then zoology 
in Pavia, Messina, and Germany ; was appointed professor 
of zoology at Catania and then of comparative anatomy at 
Rome ; and became a senator some years later. He was an 
enthusiastic worker on various zoological and parasitological 
subjects, and published, chiefly in collaboration with others, 
many finely illustrated monographs. Unfortunately, he seems 
to have been often engaged in fierce dissensions over priority 
with his colleagues and others (including myself); and I have 
publications or letters or both against him from £. Parona 
^ilan, 1887-8), S. Calandruccio (Catania and Rome, 1900-1), 
C. Femi (^ssari, 1919-20), D. Carazzi (Florence, 1921-2), 
G. Cremonese (Rome, 1921), and Robert Koch (1901k For 
example. Dr. Calandruccio, in an article published in The Journal 

Tropical Medicine, July 1, 1901, made many complaints of 
Grassi, with whom he had long been workin|( in Catania, and 
Mve specific examples. Thus, Calandruccio says that he 
himself found the Filaria recondita of the dog in ticks, but 
that Grassi published a r6sum^ with his own name as col¬ 
laborator ; and then used similar devices with regard to 
Calandrucdo’s researches on Ascaris lumbricoides and Trieluy- 
tephabts dispar* Calandruccio did most of the w<»-k on 
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Tennites and the important transformation of Leptocephalida 
into ^Is, costing him seven years of labour and 6^0 franca 
in money; yet the works appeared in their joint names, and it 
was &assi who received a medal for them from the Ro^al 
Society in 1896. Calandruccio complained of this in a memorial 
to that Society dated November 26, 1901. G. Low completed 
Manson’s cycle of the Filaria bancrofti in mosquitoes by finding 
the embryos in the insect’s proboscis, but Grassi immediately 
wrote a long article pretending in effect that he had already 
found the same thing (see British Medical Journal, November 
3, 1900, and Lancet, September 13, 1902, p. 775). But his 
efforts in connection with malaria and mosquitoes were the most 
remarkable, and deserve some accurate analysis. 

In May 1895 I had commenced in India a formal investiga¬ 
tion of the h3rpotheses of Manson and Laveran that the para¬ 
sites of malaria may be carried by mosquitoes, and I published 
some early papers on the work. There being no precedents 
for such a research and no information available regarding 
Indian mosquitoes, I was obliged to investigate everything, 
including the technique, for myself ; and there was nothing to 
guide me as to the species of mosquito concerned or the appear¬ 
ance or position of the minute Plasmodia within it. After 
endless failures for more than two years with hundreds of Culex 
and ^gomyia, I at last succeeded in growing one of the human 
malaria-parasites, P. falciparum, in two “ dappled-winged ” 
mosquitoes, easily seen afterwards to have been Ano^teles, 
probably siephensi (August 20 and 21, 1897). These extremely 
fortunate observations gave us the required clues as to the form 
and position of the parasites in mosquitoes and as to the species 
of the carrier of P. falciparum ; and all that has been done 
on the subject since then has been an easy and straightforward 
consequence of this fundamental discovery. . It was published, 
with (Swings and comments by P. Manson and others to whom 
my specimens had been sent, in (i) The British Medical Journal 
fbrl>scember 18, 1897. A month later, just after I had found 
the same objects again and expected to have the whole mosquito- 
cycle of this human Plasmodium cleared up in a few weeks, I was 
suddenly ordwed away—see (2) Ibid., February 26, 1898. Five 
months later, in February 1898 ,1 was able to resume the research 
in Calcutta, but owing to the plague s^re was forced to work 
mostly with the malaria-parasite of birds called Proteosoma ; 
and in six months unravelled the whole of its life-cycle in Cukx 
fatigans. In (^3) The British Medical Journal for June 18, 18^, 
Manson published my first results, sent him by letter, with 
drawings and diagrams of the mosquito-cycle, and with accqp^ 
tances of my work by Laveran (the discoverer of the malana 
parasites), Nuttall, and M^chnikoff, all of whom had wool my 
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q>edinens. Simultaneously, the same work was described by 
me in (4) a Report on the Cultivation of Proteosoma, Labbi, in 
Grey Mosmitoes, to the Government of India, dated May 21, 
with full details of technique and of many crucial experiments, 
and with eight large plates, many copies of this book being 
issued by me from Calcutta before the end of June 1898 to many 
experts in various parts of the world ; and Manson forwarded 
other copies to others, including Italians. Early next month 
(July) I found the sporozoids of the parasites actually in the 
salivary glands of the mosquitoes—thus suggesting the wonder¬ 
ful result that the malarial infection is caused by the bites of 
the infected insects. On July 6 I wrote to Manson my con¬ 
clusion, that “ Malaria is conveyed from a diseased person or 
bird to a healthy one by the proper species of mosquito, and is 
inoculated by its bite ’’—see my Memoirs (Murray, 1923) p. 299. 
On July 9, 1898, this was experimentally proved to be the case 
by five healthy birds having become infected by the bites of 
infected mosquitoes ; and in the next few weeks many more 
health^r birds were infected in the same way under crucial 
conditions—thus confirming the result of July 9, which had 
completely elucidated the mosquito-cycle of the parasites. 
On or before July 25, in addition to sending many letters and 
specimens, I telegraphed this information to Manson from 
Calcutta {Memoirs, p. 305); and on July 28, 1898, Manson 
gave a complete account of my researches, including the 
infection of healthy birds, at the meeting of the British Medical 
Association in Edinburgh, before a large and- enthusiastic 
audience, amongst whom were Dr. William Osier of Baltimore, 
and Prof. Raphael Blanchard of Paris, and other distinguished 
men. A resolution of congratulation was passed at the meeting 
and was sent to me ; and Manson’s address was published in 
(S) The Lancet, August 20, The Journal of Tropical Medicine 
for August, and The British Medical Journal, September 24, 
1898, with many of niy drawings, including one of the sporo¬ 
zoids in the salivary glands of mosquitoes (in the last, page 852). 
On Augpist 13,1898, my malaria work was again almost entirely 
interrupted, just when I wished to extend my Proteosoma 
r^ults to the human parasites, by the Indian authorities, who 
sent me away to Assam in order to undertake laborious studio 
there on kala-azar, quite a different subject; and I left India 
in February next year. 

From May 1895 to July 1898, therefore, I had obtained the 
fanportant results which may be summarised as follow: 

1 had always failed to grow the human Phsmodia in xnany^ 
ipecies of mosquitoes of the genera Culex and Stegomyia-^ 
meept in one doubtful case (2). 

in 1897 i had succeedeo m growing P. falciparum in twq 
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kinds of " dappled>winged '* mosquitoes, afterwards recognised 
to be Anopheles. 

In 1898, up to July, I had discovered the whole life-cycle of 
Proteosoma {Plasmodium danilewskyi) of birds in Culex fatigans, 
including the route of infection. 

All this work was fully published, with technique and illus¬ 
trations, in five papers from December 18, 1897, to July 28, 
1898, the last paper (5) beii^ issued in print in the following 
August and September. 

The mosquito-cycle of Proteosoma was the first metaxenous 
life-cycle in a second host ever established for any protozoal 
parasites ; and this discovery of it has led to a wide reorganisa¬ 
tion of the zoology of these minute animals, and holds zoological 
priority over all subsequent discoveries of similar life-histories 
m allied species of organisms. A very important step in the 
general cycle was, however, discovered by Simond and Mac- 
Callum in 1897 independently of me, in the case of P. 
falciparum. 

At the end of July 1898 the following work remained to be 
done: 

1. To complete the mosquito-cycle for all three human 
Plasmodia, already commenced by me for P. falciparum in 
1897. Owing to zoological similarity this cycle was sure to be 
closely similar to that of Proteosoma. It has proved to be 
exactly the same. 

2. To find the carriers of the human parasites in all malarious 
countries by my methods. 

3. To ascertain the habits of those carriers everywhere, 
and the best means for reducing them. 

All these tasks were now rendered easy by my Report (4) j 
but, as there was no scientific literature on Indian mosquitoes, 
I was obliged to mve fanciful temporary names to the principal 
genera studied by me, such as Grey Mosquitoes {Culex), 
Brindled Mosquitoes {Stegomyia), and Dappled-Winged Mos¬ 
quitoes {Anopheles) ; and I relied on future work for identifica¬ 
tion of these. European mosquitoes (gnats) were much better 
known ; and in 1896, just before the dates under consideration, 
E. Ficalbi had published an excellent work on the Culiddm 
Eutopea (Florence, 1896), which was of immense help (seldom 
acknowledged) to workers in Europe, but of which I never heard 
at the time, much to my loss. I should add that from begin¬ 
ning to end of this Indian work I was practically a solitary 
amateur. My nomenclature for the mosquito-cycle was also 
tentative until next year {Nature, Au^t 3, 1899). 

The first confirmation of my Proteosoma studies was 
obtained by Robert Koch in Italy and Germany during the 
latter half of 1S98. He had received my Report (4) and made 
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tmple and honourable acknowledgments in his paper (Zeitsckr. 
/. Hygiene, Bd. xxxii, 1899). 

The first Italian paper on the subject subsequent to my 
work of 1897 *898 was one by G. B. Grass! called Rapporti 

tra la malaria e peculiari inseiti, etc.— Nota preliminare. It 
was published (i) in the Rendiconti della R. Accad. dei Lincei, 
vol. vii, pp. 163-7^, among the “ communicazioni pervenute 
air Accademia prima de 2 ottobre 1898/’ and almost simul¬ 
taneously in (2) the Policlinico, Rome, October i, 1898, p. 469, 
but with several curious changes, one of which quite alters the 
final result. Now (i) is undated, but (2) is dated at the end 
" 29 settembre, 1898.” In his next paper (3), however, which 
is another Noia preliminare published five weeks later {Lincei, 
vol. vii, pp. 234-40, seduta del 6 novembre 1898), he says 
on page 236 that his first note (i) was communicated to that 
academy also on “ 29 settembre,” the same date as (i) 1 Quite 
recently {Nature, March 1, 1924, p. 304), he has declared, how¬ 
ever, that (2) was the second edition of (i)—so that he sent 
in for publication two editions of the same paper, with a vital 
modification, on the same date, September 29, 1898 1 This 
modification is as follows : in (2) he infers definitely that 
*' CuUx penicillaris and Anopheles claviger, or at least Culex 
penicillaris and perhaps also Culex malaria ” {vexans) are the 
carriers of malaria (p. 476); but in (i) on page 171, this con¬ 
clusion is not to be found, so that the reader may infer anything 
he pleases from Grassi’s opening studies. An unkind critic 
mignt suggest that the two versions were sent in simultaneously 
In order to enable the author subsequently to lodge a claim for 
priority on the strength of the version which ultimately proved 
to be nearest the truth. But Grassi’s next note (3) confirms 
(2); while, unfortunately, (i) ultimately proved to be nearest 
the truth. 

Still more unfortunately both versions were merely con- 
iectural and quite inconclusive, if not quite worthless. In 
both of them (paragraph 2), as well as on page 4 of his Studi 
di uno eoologo sulla malaria, published two years later (June 
1900), he declares that he commenced work on July 15, 1898, 
onwards. What exactly did he attempt ? He visited malarious 
areas near Rome in the hope of finding some ” correlation ” 
between the prevalence of the disease and of various species of 
mosquitoes there, by what the mathematicians call “ random 
sampling.” He was not a mathematician, or else he would 
have understood (as I had done) that this process would have 
required years, not weeks, even to approach success. But 
he was not deterred by such mean doubts; he does not con- 
destend to give detail^ as to dates and itineraries; but in two 
thooths be was ready with both ” editions ” of his papers 
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0 and a), sent in on September 29. What exactly did he ilnd ? 
Out of three species of mosquitoes which he thought, were 
guilty, two were subsequently proved innocent; and out of 
seven species which he thought were innocent, two were 
subsequently proved guilty. 

I regret 1 have other criticisms to make of Grassi’s first 
papers (1 and 2). When he started work on July 15 all my 
discoveries, including the infection of healthy birds on July 
9, had been already achieved. My first two papers (i and 9) 
had been published months previously; and Manson's first 
paper recording the proof of the mosquito theory and its accept¬ 
ance by him, Nuttall, Laveran, and Metchnikoff, namely (3) 
of June 18, 1898, had been issued for nearly a month. But 
there is no mention of all this in Grassi’s papers (i and 2) sent 
in more than two months later (September 29). All he does 
is to refer vaguely in his (i and 2, paragraph 4) to the malaria 
of birds, and more explicitly so in an interpolated passage in 
(2, paragraph i); but in neither case does he mention my name 
or Manson’s, nor give the smallest reference to the literature 
which would enable a reader to study the subject for himself; 
and such a reader would naturally attribute everything to 
Grassi. Yet on or about that date (September 29) he had 
actually received Manson’s full address (5) 1 This is stated by 
himself on page 235 of his next note (3), {Lincei, November 
6, akeady mentioned), where he says that Manson’s address, 
published in The British Medical Journal on September 24, 
“ pervennero a Roma alia fine di settembre.” (It had been 
published in the Lancet five weeks previously 1 ) Possibly it 
was the receipt of this publication which forced him to send 
off both " editions ” of his first note on September 29— 
hurriedly! In this same later note (3) of his he also mentions 
(P* ^ 3 S) having received from Manson some of my ProUosoma 
mosquitoes (Culex), and, be it noted, a “ Memoria del Ross ” 
which could have been none other than my Proteosama Report 
(4) itself, giving full details of my work. Exactly when this 
reached him I cannot say. Copies were issued from India at 
the end of June; and A. Bignami mentions it and Manson’s 
address 15), as familiar things in his first paper in the Bull. 
R. Accaa. Medica d. Roma, November 15, 1898 ^translation in 
JLaneet, December 3 and 10, pp. 1462 and 1542). As in this 
case, Grassi often omits dates and adequate reference to previous 
literature. For instance, I think he never mentions Manson’s 
article (3) which preceded all his efforts; and he menticmed 
my p&pcrs (i and 2) lat^ only to falsify them shamelesdyr 
It is my conviction that the Roman observers had seen, read, 
and studied all the five papers by Manson and myself described 
above, immediately they had appeared (see remark by Dr. Charlee 
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ifttoted presently). In any case, my papers hold comidete 
priority of publication. 

Yet afterwards (Sitidi, tgoo) Grass! had the assurance to 
declare that these loose speculations of his had definitely dis¬ 
covered the "Anopheles malariferi,” not only in Italy, but by 
implication throughout the world I “ lo arrivai agli Anopheles 
malariferi indipendentemente da Ross,” he exclaimed on p. 31, 
and added that my researches on the malaria parasites of birds 
were published almost contemporaneously with his first 
preliminary note {October i, 1898)! This pure invention has 
deceived many persons who write on the subject but are ignorant 
of sound scientific methods or have never studied the original 
Uterature ; and Grassi later received several monetary prizes, 
as well as honours, for his discove^, including one of 15,000 
lire from the Academy of Science of Turin, on Januaiy 24, 1904. 
What he really discovered was my previous work and the 
generic name of my " dappled-winged ” mosquitoes. But when 
he published his romance in 1900 he was ignorant of Charles’s 
letters to me, to be mentioned presently. Except for these he 
may have succeeded in persuading many of his readers that his 
work was original—^which was not the case. 

The truth is that two species of "Anopheles malariferi ’* 
were found by me in India in August and September 1897, 
nearly a year before Grassi even beg^n his work. The Anopheles 
malariferi for Italy (only) were discovered at the end of 1898 and 
early in 1899, not by Grassi, but chiefly by two medical men, 
Drs. A. Bignami and G. Bastianelli, with full knowledge of my 
tedmique and my previous results. The facts are detailed in 
my Memoirs. Before November 8, 1898, Manson sent one of 
my specimens to Bignami and another to Dr. T. Edmonston 
Charles, who was then in Rome and who wrote me a series of 
letters bemnning November 4 and describing in detail how 
these gentlemen and Grassi were attempting to follow my work 
—they did not know the contents of these letters until 1 puolished 
them in April In the first letter he wrote: “ It has been 

a cause of surprise to me how very closely they have followed 
all tluit you have done, and how fluently they talk regarding 
details of your work.” Bignami had long rightly conjectured 
(as did A. F. A. King in 1883) that malaria may be caused by 
the bites of marsh mosquitoes and had tried thus to infe<^ 
healthy men in Rome with insects bred in the marshes. Op 
September 26, however, in the light of my Report (4) or of 
Manson's address (5), he varied this procedure by using possibly- 
li^lected adult mosquitoes brought from a malarious loc^ty ; 
apd the patient was found infected on November 3. This sms 
the first Italian success, and ccaifirmed my infection of 
hkcb in July. Three species of mosquito, C, vexans, C. pmh 

ai 
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ciUatis, and A. imcuHpttmis were used, and it was not certain 
I which had carried the germ. On November 25 Charles wrote 
" 1 went to Professor Grassi’s laboratory and showed him 
one of your preparations. ... He seemed much pleased, 
and I understood him to say he had just found it in a prepara¬ 
tion of his own.” [Frankly, I do not believe it.] In this and 
in his previous letter Charles told me that they thought my 
“ dappled-winged ” mosquito was A. claviger{wl maculiptnnis) 
—they must have recognised it, possibly weeks or months 
previously, from my description of the wings and eggs in my 
first paper (i). There was now no further difficulty. At the 
end of November, with full knowledge of my technique, my 
figures, and my descriptions, they succeeded in cultivating 
P. falciparum in another ” dappled-winged ” mosquito, A, 
claviger, exactly as I had done fifteen months previously in 
India ; and then they completed the mosquito-cycle for that 
parasite and foiuid it to be exactly the same as that ofProteosoma, 
which Manson and I had described four to five months previously. 
There can be no doubt that they had recognised the genus of 
my “ dappled-winged ” mosquitoes, for they themselves say so in 
their very first paper which records this success (Atti d. Lincei, 
seduta del 4 December 1898). The only new result, not expected 
by me, was obtained a little later by Bignami and Bastianelli— 
that the tertian and quartan parasites in Italy also grow in 
Anopheles {Lancet^ January 13, 1900). It was these authors, 
and not Grassi, who worked out the minute cytology of the 
mosquito-cycle {Bull. d. R. Accad. Medica di Roma, April 19, 
1899)—^a subject which I had been obliged to leave untouched ; 
and we owe to them the experimental infection of some subse¬ 
quent cases by mosquitoes. 

How easy all this was after my original publications may be 
inferred from the fact that when I was able to resume malaria 
work in August 1899 H. E. Annett, £. £. Austen, and myself 
found all three species of the human Plasmodia in two ” dappled-- 
winged ” species of mosquitoes, A. costalis and A. funesiua, in 
Sierra Leone, within two weeks I And this would have been 
done equally well if the Italian work had never been attempted. 
We also outlined the habits of the insects in Sierra Leone, 
and the methods of prevention. Subsequently, precisely the 
same work has been easily done in many parts of the world. In 
science, as in other things, ce n'est que le premier pas qui .co&U. 

Facile as it was, the Roman work would have been bettear 
if the writers had always made due acknowledgments of 
previous work. Laveran, Golgi, Canalis, Manpaberg, and 
others had already complained of Roman plagiarisms; and 
Manson and myself were now treated in the same way. True* 
Bignami and Bastianelli soon admitted their obligation!^ 
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though not always accurately; but Grass! was beyond publish¬ 
able criticism in this respect. By twisting the facts and by 
omitting dates and full references to previous writings or by 
misrepresenting them, he tries to attribute eveiything to 
himself, and then accuses his victims of the very tricks which 
he himself is employing against them. His later book Studi 
di uno zoologo (magnificently illustrated) is perhaps the greatest 
nmterpiece ever written in the art of falsifying scientific 
history. Thirty-one pages of it, besides isolated passages, 
are occupied with gratuitous abuse of R. Koch and myself; 
and yet the book is little else but a compilation of our labours 
and those of Bignami and Bastianelli—all attributed by the 
author to himself. His dialectic is exactly that of the 
informers ” of ancient Rome described by Tacitus : every 
sentence contains a truth and a falsity so closely woven together 
that the victim must spend pages in extricating and exposing 
them ; and, to confuse the reader still more, the history is not 
consecutive, nor the bibliography complete. In 1903 he 
published another attack (among several) upon me, in a small 
book (Rancati, Milan). It purported to contain translations 
of important papers of mine; but fundamental passages in these 
are omitted without notice ! It also attacked Lord Lister, 
who, like Laveran, Manson, Koch, and others, supported me 
^ee my Memoirs). With another artifice worthy of ancient 
Rome, both this and the previous book were dedicated to 
Manson; but Manson publicly repudiated the dedication of 
the later effusion (Lancet and British Medical Journal, March 
98, 1903). Since then Grass! continued to pursue me with 
greater originality than he ever employed against the "Anopheles 
malariferi" ; and he did so with very similar stratagems 
to those of which Calandruccio and others had complained. 
In my recent Memoirs I ventured to expose some but by no 
means all of these subtleties, and even to accuse him frankly 
of having attempted scientific piracy. Thereupon he threatened 
legal proceedings ; but his courage failed him, and he relieved 
his feelings instead by two more of his usual attacks, in Nature 
of March 1924—to which I refused to reply. Really, he played 
no leading part in the solution of the malaria problem, even in 
Italy, except the identification of mosquitoes. Many of his 
claims were as spurious as his “ random sampling ”—for instance, 
when he pretended to have proved in a few weeks during the 
winter of 1898-9 that the whole genus Culex is negative to 
human malaria, a conclusion which could not be scientifically 
established without prolonged research at all seasons, and in all 
countries, but which he hastily derived from my previous 
writings (without acknowledgment). How little he really 
knew about mosquitoes even in 1901 was shown by his cop* 
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deinnation of me for presuming to judge their i^e—often an 
easy task {Memoirs, p. 413). I have not studied his other 
works, and never met him; but from my own experiences 
must fully endorse the criticisms of other sufferers regarding 
his extreme dexterity in matters of scientific history—^at least. 
V^ether any of his discoveries were really original I cannot say-^ 
but beg leave to doubt it. 

As regards myself, I foi^ve him long ago—and he was 
mild compared with those who blamed me subs^uently for 
suggesting the possibility of “ mosquito-reduction ” in malarious 
towns. But I confess that I do not like any trace of plagiarism 
in science, the honour of which must be jealously guarded. 
As a science parasitology is a comparatively small affair, but as 
a business it concerns the welfare of millions of men, bom or 
unborn, and of their crops and cattle, and should be actively 
encouraged. Those who study it, however, receive little or no 
thanks: it is, therefore, an infamy that they and their work 
should also be subjected to years of abuse by people who try 
to rob them of the small credit which they have rightly earaea. 
TTiey have little means of defence : if they reply to the pirates 
they are accused of boasting ; and if they do not reply the case 
l^es against them by default. They cannot take tneir cases 
Into the law-courts (as I have ascertained). Learned societies 
will not help them, or cannot do so; and the writers of textbooks 
seldom trouble to examine the original literature. All this has 
a pernicious effect on the advancement of a most valuable 
branch of science, and many original workers in it must regret 
(as I do) the day when they first touched it. Their only way 
to check the evil (which is frequent) is to expose it thoroughly 
when they can ; and it is their duty to do so. 

References to all the pertinent literature will be found in 
my Memoirs and also in greater detail in-my Nobel Lecture 
{foum. R. Army Medical Corps, April-June 1905). 
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ABB «XB OOBTIVEVTB ADBX7T? By G, W. Tyrrbix. A.R.C.Sc.. 
Ph.D. Being a Review of Tbe Origin of Oonttnont* and Ooeanf. by 
A. Wegembr, Profeasor of Oceanography and Meteorology in the 
University of Gras. Translated from tne Third German Edition by 
J. G. A. Skbrl, M.Sc., with an Introdnction by J. W. Evans, C.B.E,, 
F.R.S. [Pp. XX + 212, with 44 figures]. (London: Methuen & Co., 
1925. Price 105 . 6 d. net.) 

Geologists have long been familiar with the idea of earth 
movements in the vertical direction, ranging from displacement 
along faults to the uplift or subsidence of areas of continental 
dimensions. More recently they became accustomed to the 
idea of horizontal displacement, leading to lateral movement 
along tear-faults, and to the great recumbent folds and thrust- 

{ >lanes of the Alpine type of mountain structure. It has been 
eft, however, to Prof. A. Wegener to elaborate the idea of the 
lateral movement of continents over distances amounting to 
thousands of miles, and of the formation of oceans, such as the 
Atlantic, as by-products of this process. Wegener’s paper 
announcing the idea was published in 191 z ; and his book, 
pie Enstehung der Kontinente und Oceane, was first published 
in 1915, and reached a third edition in 1922. Although the 
work had attracted attention and aroused increasing con¬ 
troversy on the Continent during this period, for obvious reasons 
it was only after the War that it was noticed in this country 
and in America, where Wegener's hypothesis, as usual with 
revolutionary notions of this sort, has been accorded enthusiastic 
support, and, at the same time, has engendered violent opposi¬ 
tion. It is certain now to receive renewed attention, as the 
third edition of Wegener’s book has been translated into English 
by Mr. J. G. A. Skerl of the University of Liverpool, and has 
b^n published with an introduction by Dr. J. W. Evans, 
C.B.E., F.R.S., the President of the Geological Society. 

It may be said, in passing, that Mr. Skerl has done his work 
well, although in places the languag^e is rather stilted and 
betrays more than a trace of the original tongue. Wiener’s 
Crennan is none of the clearest, and a little haziness in some 
passages may be excused on that account. The translation 
has Men revised by Dr. Evans, and also submitted to Prof. 
Wegener. It may therefore be taken as an accurate and 
BUtnoiitative version of his h3rpothesis. 

*»« 
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The discoveiy that Wegener had been more or less antici> 
pated, and that his great idea had been foreshadowed in earlier 
writings, was perhaps inevitable. The American, F. B. Taylor, 
especially, had sug^sted views akin to Wegener’s.* Prof. 
R. A. Daly says : " For the ppreater part the discussion [of the 
hypothesis of continental sliding] has centred around Wegener’s 
book, but it must not be overlooked that Taylor has the dis¬ 
tinction of being the first to formulate clearly and at the same 
time comprehensively the root idea of the horizontal displace¬ 
ment of continents, coupled with concrete illustrations of its 
meaning for dynamical and structural geology.” • As early 
as 1842 W. W. Mather, in a report on the geology of New York 
State, clearly foreshadowed the doctrine of the lateral move¬ 
ment of large land masses, as has been pointed out in another 
review (Science Progress, July 1925, p. 146). But, as Lowell 
says somewhere, the credit for an idea rests with him “ who 
utters it clearest and best ”; and, since Taylor and Wegener 
both independently conceived the same or closely similar idea 
at approximately the same time, and elaborated it in some 
detail, we ought perhaps to speak of the Taylor-Wegener 
hypothesis, as Prof. R. A. Daly has already done. 

The hypothesis seems to have been suggested to Wegener 
by a well-known geographical observation, the similarity in 
outline between the eastern coast of South America and the 
western coast of Africa. If brought together they would fit 
Hke two pieces of a jig-saw puzzle. Lake has suggested that 
the fit is by no means exact, especially if it is carried out on a 
globe instead of a map ; but a certain freedom must be allowed 
on account of coastal changes subsequent to the supposed 
rifting. When the idea of rifting is carried farther north, it 
is found that Spain has to be rotated through 90 degrees, and 
Newfoundland through 30 degrees, in order to make an approxi¬ 
mate fit with the coast lines on the opposite side of the Atlantic ; 
and this has also been advanced as an objection to the hypo¬ 
thesis. But if lateral movement is conceded, it is too much to 
expect that the drifting masses should always remain parallel 
to themselves, and there is no reason why rotation should not 
take place in more or less detached fragments. Much use is 
made by Wegener and his supporters of analogy with a broken 
ice-floe, the fragments of which drift apart; and it must be 
admitted that the shape and arrangement of the Arctic islands 
north of Canada, and of the Spitsbergen archipelago, very 
clearly suggest rifting and drifting of land masses in a way 
similar to broken ice. 

While there is often a close approximation to geographical 

* Butt. G$dl. Soc. America, 81 , 19x0, p. X79. 

* Amer. Joum. Set., fi, 1923, p. 365. 
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filing between opposite coasts, there is also frequently a striking 
geological correspondence. Not only do the shapes of the 
severed pieces correspond, but also their geological grain. It 
would take much too long to give the evidence, which, however, 
is well known to geologists, that geological features on the 
European and African side of the Atlantic are paralleled on 
the American side. Some of the details of the fit have been 
criticised, but the general fact is unquestionable. Washington, 
for example, says that the petrographic evidence is adverse to 
it (Science Progress, April 1924, p. 538). 

In order to account for the possibility of the lateral move¬ 
ment of continents Wegener conceives them as large, thin 
cakes of st'a/(Suess’s name for the uppermost and lightest layer 
of the earth’s crust consisting largely of rocks of granitic com¬ 
position) floating in the heavier sima (Suess’s name for the layer 
of ferro-magnesian composition underlying the sial, and, as 
gravity observations show, probably forming the oceanic floors). 
The drifting of the continents is thus essentially the movement 
of sial blocks through an ocean of sima which may be regarded 
as an excessively viscous liquid. The segregation of the once 
universal sial layer into the present continental masses cannot 
be fully discussed here. Wegener believes it to be due to 
successive mountain foldings, a process resembling, as he says, 
the folding of a round paper lantern, opening on the one side 
and folding up on the other. 

Evidence for the two layers of the earth’s crust is found in 
the distribution of levels over the land surfaces and the ocean 
floors. The frequencies are grouped about two well-defined 
values, 100 metres above sea-level, and 4,700 metres below 
sea-level. If there had been a single initial level in the crust, 
and the present variations had arisen by simple elevation and 
depression, it would have been expected that the curve of 
frequencies would have had but a single peak, whereas it has 
two at the points above stated. These are believed to represent 
two initial levels on which the subsequent elevations and 
depressions have been superposed. They represent the initial 
levels of the original layers of sial and sima respectively. 

Wegener, then, imagines the thin surface shell of sial 
ruptured and contracted into a primitive unitary continental 
mass centred around Africa as a nucleus (Pangaea), leaving a 
vast ocean floored with the underlying sima. South America 
adjoined Africa, and North America was close to Europe. 
Similarly Antarctica, Australia, and a vaster India, were in 
intact with South Africa. Pangaea was intact at the beginning 
of the Mesozoic, but, in the course of the succeeding periods, it 
Split into the various detached blocks which became the present 
csotttinents and larger land units. These drifted away in all 
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directions, AustraUa eastwards, Antarctica to the south, and 
India to the north-east. The widening rift separating the 
Americas from Africa and Europe presently became the Atiaatic 
Ocean. India originally formed a large continental tract partly 
covered by shallow seas, connecting Africa with the primitive 
Asian continent. The intervening region of weak, shallow- 
water sediments is believed to have been folded up by the 
gradual approach of the unyielding mass of Peninsular India 
towards Asia, and now forms the broad folded zone of the 
Himalaya and the Central Asian chains. By the westward 
drift of the two Americas through the stiffened sima of the 
Pacific, their anterior margins were crumpled to form the great 
mountain ranges stretching from Alaska to Antarctica. Lag¬ 
ging masses became festoons of islands (the Antilles, etc.), and 
as all the continental masses are now conceived to have a 
westward drift, the Asiatic and Australian festoons (Japan, the 
East Indies, New Zealand) are thus explained. 

Such, then, in the baldest outline, is Wegener’s hypothesis. 
It must be said that Wegener is not convincing as to the earth 
forces available for the production of these mighty mass move¬ 
ments. Jeffre3rs, indeed, has stated that the known effective 
forces tending to move the continents are one hundred million 
million times too small 1 But geologists will have Huxley's 
mathematical mill too much in mind to pay much heed to this 
latest physico-mathematical ipse dixit upon a geological 
problem ; and if adequate geological proof of continental drift 
IS forthcoming, geologists will believe in it despite any assertion 
of its physical or mathematical impossibility. 

The most unequivocal success of Wegener's h3rpothesis is 
in the explanation of the great Mesozoic continent of C^d- 
wanaland, with its widespread glaciation, freshwater sediments, 
and Glossopteris flora, which are to be foUnd in such widely 
separated parts of the earth as the Falkland Islands, Brazil, 
Antarctica, South Africa, Peninsular India, and Australk. 
On this basis palaeo^eographem have assumed an enormous 
southern continent in Mesozoic times ; and, if its present 
remnants have always bera where they are now, the disappear¬ 
ance of the connecting parts covering the present sites of the 
South Atlantic and Indian Oceans is veiy hard to explain. 
If, however, Gondwanaland was originally only a mofterately 
huge continent centred in the south temperate zone about the 
present site of South Africa, its distinctive features, especially 
Its glaciation, become much more comprehensible, and tiie 
diffi^ties concemu^ the oceanic links are entirely avoided. 
A. du Toit, who has recently written an elaborate review of tlie 
Carboniferous glaciation of South Africa, is a notable convert 
to Wegener’s views in this respect (Scisncx Proousss, April 
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1993, p. S5i). On the other hand, Wegener is much less success- 
fd in explaining the Pleistocene glaciation of the Northern 
Hemisphere by the assumption that North America and Europe 
were still in contact until after the Glacial Period ; and Prof. 
A. P. Coleman has little difficulty in riddling this part of the 
hypothesis (Science Progress, January 1925, p. 389). 

The necessity for explaining the alternation of polar and 
equatorial conditions in the same land area has led Wegener 
to a whole-hearted acceptance of the doctrine of polar migra¬ 
tion. Thus, the glaciation of Wegener’s Pangaea in Carboni- 
ferous-Permian times necessitates the presence of the South 
Pole in the neighbourhood of South Africa. This, no doubt, 
will lead to a revival of interest in the question of Polflucht, 
for which L. Cotton has recently entered a powerful plea 
(Science Progress, July 1924, p. 32). 

According to Wegener, the westerly drift of land masses is 
still in progress. Thus, the differences between the longitude 
determinations of the Sabine Expedition of 1823, the German 
North Polar Expedition of 1870, and the Danish Expedition of 
1906-8, in Greenland, suggest a westerly drift of 1$ metres 
a year for that country. But early determinations of longitude 
and latitude in outl3dng regions are notoriously unreliable. 
Col. Sir C. Close, the Director of the Ordnance Survey, has 
critically examined the evidence {Geog. Joum., February 1924) 
and finds the westerly drift of Greenland unproved, since the 
differences between the earlier and later determinations of 
longitude fall within the permissible limits of error. Confirma¬ 
tion or rejection of Wegener's speculation, so far as Greenland 
is concerned, must await another wireless determination of the 
longitude of Gotthaab after a suitable interval of time. It is 
obvious that this test is capable of application to other 
points. 

The Taylor-Wegener hypothesis of continental sliding will 
Tvcaaixi sub judice for many years ; but whether it gains ultimate 
acceptance, or falls under the weight of adverse facts, it will 
have been of great service to geological science in its quickening 
of interest in geotectonic matters—a quickening which has 
already shown itself in a great revival of speculation and researdi 
on the origin and relations of continents, oceans, and mountains, 
and on the general structure of the crust. The sympathetic 
introduction which Dr. J. W. Evans contributes to the Englbh 
translation of Wiener’s book shows that the hypothesb of 
continental drift must be seriously reckoned with, and that it 
has already influenced British workers in these fascinating 
aarth probfems. 
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AVB MXVO. By J. H. Wooi>osK. Being a Review of UltBB 

Oigsalnatt by E. S. Goodrich, F.R.S. [Pp. 200.] (Oxfonl: at ^ 

Clarendon Presa. Price 65. net.) > 

Although the statement that much of the fascination and 
many of the difficulties of biology spring from the fact that 
the observer and student of living things is himself alive, may 
seem a truism, it is nevertheless one of which the implications 
are often overlooked, misunderstood, or forgotten. 

If biology is the study of living things, then it might seem 
that, since " mind ” or “ consciousness ” is an attribute of 
man, then psychology must be a branch of biology. But a 
very little reflection will show, not only that this is not the case, 
but that very serious difficulties must, and in current biological 
literature frequently do, follow the failure to understand the 
fundamental differences between these two provinces of 
knowledge. 

The material of all knowledge is “ givenness ’’—that which 
is presented to the conscious subject; but this material is not 
homogeneous. Not only do its constituents differ among 
themselves (otherwise there would be no knowledge at all) 
but certain of them differ as a whole from the rest in being 
“ objectified,” i.e. referred to external objects which can be 
regarded as existing independently of the perceiving subject. 
It is these objects (although, of course, known only in so far as 
they are presented to consciousness) which form the subject- 
matter of natural science. Psychology, on the other hand, is 
concerned not only with these contents as presentations, but 
with all the rest of givenness, including the subject himself, 
for the ” I knowing ” becomes, in self-conscious reflection, the 
” Me known." It is thus to be noted that psychology, at 
least at the outset, involves no such dualism of mind and 
matter as confronts natural science when the latter assumes 
its objects to exist externally and independently of the mind. 

Natural science, in thus completely " objectif3ring ” its 
objects, exposes itself to the dangers of forgetting the real 
nature of its knowledge of them. In ascribing external reality 
to its perceptual objects, it slips easily into the errors attending 
the similar ” reification ” of conceptual ones. Its purely 
objective attitude disqualifies it from making pronouncements 
about mind. But when once natural science has launched into 
realism all is plain sailing: mind seems never to trouble it 
again, and many of its votaries are never conscious of having 
made such an assumption as is involved in realism at aU. 
are literally all bom realists—to be so is in fact, from the 
biologickl standpoint, a condition of survival. To be anything 
else is an intellectual perversion, resulting from life in a com- 
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|Hiratively sheltered environment t It is for this reason that. 
In the history of thought, Aristotle preceded Descartes, and for 
this reason too science is nothing but *' trained and organised 
common sense.” If more of the followers of Natural ^ence 
understood the real nature and limitations of common sense, 
even when ” trained and organised,” less energy would be 
expended on meaningless quarrels between the several branches 
of intellectual inquiry, and the members of the human family 
would be free to work together in harmony. 

When we turn again to the psychological point of view we 
find that its difficulties begin when mental science attempts to 
transcend the limits of the individual mind. It knows and can 
study other minds only through those contents of consciousness 
which are objectified, since it is these that constitute the region 
of common experience, and form the only means of mutual 
understanding. Psychology is able to give no account of the 
origin of presentations ; they form its ultimate data : it cannot 
explain sensation. 

From these considerations it would seem that psychology 
on the one hand, and biology, as a strictly natural science, on 
the other, would be well advised to remain rigidly within their 
respective spheres, as prescribed for them by the unfathomable 
and inexorable nature of things. This, however, they have 
never succeeded in doing consistently, and for the very reason 
that we noted at the outset—that man, knowing himself in¬ 
tuitively as a thinking, feeling, and willing subject, has also 
discovered that he inhabits an organism, and the riddle pre¬ 
sented by these two aspects of his existence has never failed to 
be of absorbing interest to him. 

It is true, perhaps, that these considerations need never 
disturb the cytologist, the systematist, or the embryologist; 
but as soon as we become biologists—students of living things 
in general—^we cannot avoid them. Our own curiosity drives 
US to these dangerous borders of biology, and if we are writers 
of books for the instruction of others in the achievements of 
that science our readers will expect some pronouncement on 
these most enthralling topics. Nor are they of merely academic 
interest, for we shall find that these paths lead, if we follow 
them far enough, to the most important things in life, to con¬ 
duct—^morality and religion ; in the past they have led to the 
cross of martyrdom itself. Even quite mundane things of 
^ily life are touched, according to the side we take in the 
interminable war between physiology and psycholoCT—witness 
the present unfortunate conflict between the psychological and 
purely neurological attitudes towards mental disease; unfor¬ 
tunate because suffering humanity must wait while those who 
bdp it quarreL 
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In approaching these dangerous borders of Bicdogy it Is 
evident that we must do so in full consciousness of the fact 
and with a clear understanding of the nature of the pit&lls 
that await us. But what guide have we? What court of 
appeal exists that can decide the issues between psychology 
and natmal science ? 

There is such a guide, but it is one to which natural science 
is often reluctant to appeal. The word “ philosophy ” is too 
often synon3rmous with “ nonsense ” to the student of nature, 
who, when called upon to recognise precise but perfectly 
necessary distinctions which may be unfamiliar to him, is too 
apt to dismiss them as “ metaphysical.” In fact, the ve^ 
region of knowledge we are discussing is often turned from in 
disgust and dubbed ” the sloughs of metaphysics ” by those 
who have made up their minds, and taken a metaphysical 
decision without being aware of it. 

There is one branch of philosophy, however, which merits 
a more sympathetic consideration ; it has been variously called 
theory of knowledge, critical philosophy, or epistemology. It 
seeks to determine the nature and limits of knowledge—informa> 
tion of which we are surely often in need. This alone is able 
to help us to avoid that unconscious sliding from positive 
science into metaphysical assumptions which so often vitiates 
discussion. It will teach us to use words without ambiguity, 
to employ such concepts as cause and effect, necessity, teleology, 
etc., correctly, and to understand the meaning and possibilities 
of ” explanation.” 

This is not the place in which to pursue further the important 
results for science of the inquiries of critical philosophy. Some 
of the principles underlying the approach to the present problem 
have already been indicated. Let us now turn to the actual 
conflict itself and see what its fruits have been. 

Mind seems always to have been a thorn in the flesh to 
physiologists : it has seemed to them to present obstacles to 
their dream of a ” billiard-ball ” universe. They have, for the 
most part, been content either to ignore it, or to dismiss it 
as an epiphenomenon,” a collateral product of the working of 
the nervous system. T. H. Huxley, in one of his letters, 
remarked that: ” The generation of feeling is the specific reac¬ 
tion of a particle of the sensorium when stimulated, just as 
contraction, etc., is the specific reaction of a musculau: fibre 
when stimulated by a nerve.” The same notion underlies the 
statement of Sir William Bayliss in an article on recent 
advances in ph3rsiology for the general reader: ” The position 
of consciousness in physiological processes is by no m^ns dear. 
While it may be held that the province of physiology is to 
investigate what can be made out expei^entally ^ die xmvmu 
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cen t re s , it does not seem impossible that consciousness may 
cStimately fall into place as one of the functions of nervous 
timue.” * In this statement we. have a clear declaration of the 
true position of natural science, but an inability to resist 
the temptation to reach beyond it, owing to a failure to under- 
stand the peculiar nature of psychology. 

Epiphenomenalism is always confronted with the epistemo¬ 
logical difficulty that objects—neurones, molecules, etc.—are, 
in being known, themselves of the mind—the epiphenomenon, 
the collateral product 1 Huxley himself knew this well enough, 
and yet, as Case has pointed out, he “ reduces consciousness to 
a product of matter, and then matter to a phenomenon of con¬ 
sciousness.” 

A concession is made to psychology in the various forms of 
the well-known doctrine of psycho-p%sical parallelism. Here 
mind is not only admitted to exist, it is even allowed to have 
” laws ” of its own, but it is prevented from being a nuisance 
to physiology by being considered as an invariable accompani¬ 
ment of ph3rsical processes, but without any influence on them. 
The two processes go on independently, unaffected by one 
another but, for some inexplicable reason, always strictly 
parallel to one another. Parallelism especially finds favour 
with those who assert that non-interaction is proved by the 
claim that the energy output of the organism is approximately 
equal to the input. One important event in the history of 
science, which is of special interest from the methodological 
standpoint, should, however, give us pause in drawing this con¬ 
clusion. The event referred to is that which followed the 
closer investigation of ” Cavendish’s bubble,” and ultimately 
led to the discovery of argon. Before Rayleigh queried the 
accepted view it had long been known that the density of 
nitrogen, as determined from the atmospheric gas, was never 
(|uite the same as that reached by a study of the nitrogen 
hberated from its compounds. It was a brilliant achievement 
of Rayleigh to doubt the accepted explanation that this was 
merely the result of experimental error, to connect the fact with 
the bubble of gas found by Cavendish after the explosion of 
oxygen and nitrogen obtained from the air, and to suggest that 
the effect was due to the presence of unknown gases m the air. 
Wddon • has drawn attention to the moral—^that_ something 
nmy always be overlooked if we are content to dismiss such 
dismpanaes in approximations. 

* Britatmiea, lath edition, vol. 32, p. 100. In bis Gmurgl 

JNiy$Moiy, in discussing Mailer's Law, Bayliss makes the admission: " Why 
tiMMw nerve impulses, alike in themselves, give rise to such widely difiocent 
tsnsatfans ... is a matter beyond the scope of physiological analysis.” 

. * In t tph i m en Me M0M of Sokneo. Edited by T. B. Strong. Oxford, 



330 SCISHCE mOGWSSS 

A third theory is that of interactionism^ which is diametri¬ 
cally opposed to parallelism in recognising interaction b^ween 
neural process and mental activity. It also admits a full 
recognition of the totally different nature of the two processes 
and of the apparent differences of complexity between them. 
Parallelism is forced to an appeal to our ignorance of the 
nervous system to account for the latter discrepancy. 

It must be understood that, although these theories are held 
as scientific hypotheses, they all imply and ultimately rest upon 
metaphysical bases, even if this is not always remembered by 
their exponents. Epiphenomenalism is usually an outcome of 
materialism ; parallelism is the logical consequence of the 
doctrines of Spinoza ; and interactionism is consistent with 
realism, but does not escape the difficulties of dualism. 

Parallelism seems to be the position adopted by Prof. 
E. S. Goodrich in his recent introductory book intended for 
the general reader. At the close of a thoroughly mechanistic 
exposition of modern evolutionary biology he adds a section 
on “ Psychology and the Evolution of Intelligence.” He 
begins by warning us not to ” trespass into the region of 
philosophy ’’ and not to confuse his mechanistic explanation 
with materialism—“ a discredited system of philosophy which 
denies the existence of an3rthing but the material or physical.”* 
This is followed by what appears to be an exposition of psycho¬ 
physical parallelism : ” We believe that to every mental pro¬ 
cess, whether of the ‘ highest ’ kind in the mind of man or of 
the ' lowest ’ in that of the most primitive organism, there 
corresponds some physico-chemical change. How intimately 
connected are the two sets of processes is a matter of common 
knowledge. The slightest disturbance or interruption in the 
metabolism of the brain, due to an injury, an anaesthetic, a 
poison, will have its echo in a disturbance of the mental activi¬ 
ties.” ” So far as we know, neither the mental nor the meta¬ 
bolic processes can take place without the other. Yet, in¬ 
dissolubly bound together as they are, the one is certainly not 
the product of the other, nor can it interfere with the continuity 
of the other.” 

After a summary dismissal of materialism the warning 
r^rding trespassing into philosophy seems to be forgotten, fat 
there follows a declaration of the creed of the Spinozan meta¬ 
physical basis of parallelism. Body and mind are referred to 
as ” two aspects of one and the same series of events,” and as 
” two abstractions from the same fundamental reality.” If 
what has been said about the method of science is remembered 

‘ Mechanism natd not be materialistic. It is posrible to.maisiain it elik 
medmdologtcal grounds, while leaving the phUosoplUcai question natontkM^ 
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it will be evident that we cannot make such assertions as these 
Irom the standpoint of biology. 

The use of the word “ echo ” in the statement already 
quoted that " The slightest disturbance or interruption in the 
metabolism of the brain . . will have its echo in a disturbance 
of the mental activities ” is perhaps rather unfortunate, for 
this at least implies a causal connection between the two, 
whereas if the two are aspects of one and the same series of 
events there can be no question of a causal connection between 
them. This statement also suggests that the ph3rsical processes 
in some way come first, otherwise we might equally say that 
the slightest disturbance of the mental activities will have its 
echo in a disturbance in the metabolism of the brain. A strict 
parallelist must admit this, and Professor Gk)odrich in effect 
does so when he writes (p. 175): “ And the question, which 
is the more important in evolution—the mental or the physical 
aeries—^really has no meaning, since one cannot happen without 
the other.” The author is, therefore, perfectly consistent 
within his system, but the point is that the whole doctrine rests 
upon the original metaphysical assumption. That this is 
metaphysical, and not biological, should have been pointed out, 
lest the general reader be misled into supposing that it rests on 
empirical data and is the only possible point of view. The truth 
is that the alternative doctrine of interactionism has as much 
to be said for and against it as parallelism has. A little lower 
down (p. 176) it is clearly stated that the student of biology 
** should realise that the mental series of events lies outside 
the scope of natural science,” but the reason for this is not 
explicitly stated, and the warning does not appear to be quite 
consistently followed, for in the succeeding pages many state¬ 
ments are made about mental processes and their evolution. 

When we reach the problem of the evolution of intelligence 
and consciousness we find that parallelism enables many 
difficulties to be avoided. What appears to be a consequence 
of this doctrine, at leas't in its metaphysical form, is the belief 
known as Panpsychism, which asserts that all physical processes 
are accompanied by mental ones. Spinoza himself did not 
shrink from this conclusion, for he held that the ” one funda¬ 
mental reality ” has two attributes—extension and mind—and 
that therefore everything that has extension also has mind. 

. We get some clue tol^of. Goodrich's standpoint on p. 175, 
where he says : We know of no mind apart from body, and 
we have no right to assume that metabolic processes can occur 
wis^iout corresponding mental processes, however simple they 
be.” From this it would appear to follow that we have 
ftp r^ht to assume that the secretion of mucus by a goblet-cell 
ppx occur without corresponding mental processes. Nor MiQ 
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vfe giv«n any r«a«>n to suppose tlmt we need 
for vital processes are themselves r^;arded as 
ones, hence we must add that we have no rigl 
oxy^ can combine with l^drogen without correspondBng 
mental processes occurring. By these inevitable steps we are 
driven to the full acceptance of panpsychism. 

It will be obvious how panpsychism smooths the path for 
the evolutionist. As the one fundamental reality evolved its 
attributes necessarily evolved too, the physical along with 
the psychical, and so the thorny question reg^arding the Mint 
at which mental activity entered does not arise. There is no 
question of mind evolving from something else: it exists from 
the beginning. 

The problem next arises: Are these processes, which are 
called mental, conscious ? It is clear that the panj^ychist has 
two alternatives. Either they are conscious from the start, 
or they are unconscious at the lower levels and only become 
conscious at a late period. If they have been unconscious for 
immense periods and still are so in the vast majority of living 
things, then it is very difficult to justify the application to them of 
the term “ mental. ” They would appear to be entirely meaning- 
less and unnecessary, except in so far as they enable the evolu¬ 
tionist to overcome the difficulty mentioned in the preceding 
paraCTaph. But it is not clear why a thorough panpsychist 
should hesitate to adopt the former of the above two alternatives. 
For, since there is no interaction between mind and l^dy, 
consciousness cannot have a directive r61e, and consciousness 
might just as well exist as not. We know, of course, that un¬ 
conscious mental activities of even a very high order do take 
place in man, but they always have reference to past or future 
conscious life. The concept of the unconscious has in fact 
been invented to account for changes in consciousness whidi 
would otherwise be unintelligible; much' as the concept of 
potential energy has been invented in physics. To one who 
does not embrace the panpsychist doctrine the attribution of 
consciousness to the inorganic will, of course, be utterly absurd. 
Inorganic things do not behave like organisms, and the concept 
is unnecessary. If, however, we could believe that all orgfmism$ 
were conscious we should be able to undorstand them in the 
fullest sense of the word. We understand om* own acttons 
because we believe ourselves to have ^Ued them, and only in 
so far as we can regard other oi^nisms as psycho-physical 
individuals can they be fully intelligible to us. A psychological 
fact of great importance in this connectimi is that consdousacM 
is most acute when some new situation is to be met, aomh 
decbion made. When new accomplishments have been simsfy 
and painfully learnt in full consciousness, 4^* widking, 


stop at the vital, 
physico-chraiicai 
it to assume tiiat 
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«tc., they can finally be performed unconscious^, and consdoua- 
ness is then free to solve other difficulties. This fact is often 
quoted against parallelism, and is itself suggestive of the 
directive importance of consciousness. It is clearly an advan¬ 
tage to us to be able to perform activities unconsciously, leaving 
attention free to deal vnth other things; but, if consciousness 
is a mere accompaniment of physical processes, this fact remains 
inexplicable. The truth is that parallelism never escapes the 
implications of materialism, in spite of the two-aspects ” 
assumption. 

We must not fall into the error of supposing that if we knew 
all the physical processes which take place in the brain we should 
in the least understand consciousness. Even if we pass over 
all the complex intellectual processes, and consider such an 
apparently simple one as the pain experienced on the pricking 
of the skin with a pin—even if in such a case we had a complete 
account of all the physiological and physical occurrences 
involved, if the living brain were so accessible and so magnified 
as to enable us to observe the very molecules jostling one another 
in the nerve cells, even then we should know nothing of the 
pain as such. In the sense in which natural science uses the 
term we should not know pain at all; we cannot see it, smell it, 
hear it, touch it, much less weigh or measure it. We can only 
know pain in the psychological sense, i.e. by immediately ex¬ 
periencing it, and in that sense the navvy probably knows as 
much about pain as the most learned professor of physiology 
does. Prof. Goodrich admits this on p. 176. 

From Prof. Groodrich’s book it is clear that he takes the view 
that the mental activities were unconscious during all the 
earlier stages of evolution and that this “ property ” only 
appeared quite late in the process. On p. 186 he writes: 
" Lastly, we are still in the dark as regards the evolution of 
consciousness, the highest stage in the development of the 
mental processes, for our knowledge of the anatomical structure 
and physico-chemical processes which accompany it is still too 
incomplete to enable us to determine when it first made its 
appearance in the animal series." Might we not go a step 
further and say we.shall never be able to tell when consciousness 
first made its appearance, from a knowledge of the physico~ 
chemical processes which accompany it ? For how do we know 
that any other organism is conscious but ourselves ? We infer 
^thout hesitation that other m%n are conscious ; developed 
spe^h compete us to make this inference with the utmost con- 
lliction ; but how do we know that a dog is conscious when it 
howls firom a kick ? The ph]|siological panpsychist would be 
well within fate ground in sa3ring that the howl was merely a 
l^kytical prooeei accompanied certainly by mental activity, but 

' ah ' 
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he could make no pronouncement about consciousn^. Natural 
science cannot decide this question. For it is inconceivable 
that from a study of the living brain we should be able to point 
(even metaphorically) to a particular change that may be 
occurring and say: This is accompanied by consciousness. 
It certainly could not be settled from the study of a dog’s 
brain, nor from a dead human brain, not even from a living 
brain (animal or human) under an antesthetic / 

At this point recourse is had to another device to account 
for the mental processes becoming conscious. This is the 
Principle of Emergence. It derives its inception from the fact 
that when two substances combine chemically the compound 
has different properties from either of the constituents, pro- 

C jrties which could not be predicted from those of either of the 
tter. This fact is extended to the gradual elaboration of the 
organic compounds and the consequent emergence of more 
and more complex properties. This, of course, is not an ex¬ 
planatory principle, but merely a descriptive one. When 
applied to the mental series it is supposed that, as they increased 
in complexity, new properties similarly emerged in them, cul¬ 
minating finally in the appearance of consciousness; but this 
concept does not help us very much in the mental sphere even 
for descriptive purposes, for we know, and can know, nothing 
about the mental processes during their supposed long uncon¬ 
scious periods. 

Immediately following the passage last quoted Prof, Good¬ 
rich continues : “ We can tell approximately at what stage 
in the ontogeny of individuals of our own species consciousness 
begins to manifest itself as the tissues become differentiated, 
but as to its phylogenetic origin, we can only say that it probably 
appeared, as we know it in ourselves, when the cerebral hemi¬ 
spheres reached the high state of development seen in man, 
though the lower animals may possess it in some simpler stage 
of development.” The difficulties of inferring the condition of 
mental development from a study of the differentiation of the 
issues are vividly brought before us in a recent paper by I. D. 
Suttie * criticising the statements of J. M. Baldwin regarding 
the parallel between mental and cerebral evolution. Referring 
to passages in the Mental Development of the Child and the Re^ce 
of the latter author, Suttie points out that Baldwin regards 
” human development as be^pnning at the very beginning—(m 
a psychological level with the protista,” and that he is arguipg 
that ” the evolutionary paralld to the stage of mental devek^ 
ment of the human l^ing at birth is to be found among the 
invertebrates, and so on for the later phases.” Farther ^ 
Suttie writes : ” If, however, we endeavour to fill in the gi^ 
* Jomnel of Newohgy emd P^eiopethohffft voL v, No. X7. p. 9^ 
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in oar knowledge of mental development in the infant by a 
study of the physical correlate of mind, we must credit him 
uith a mentality not substantially inferior to that of an adult 
man. In complexity, the brain already exceeds that of the 
adult of any non-human species. If, on the other hand, we 
were to make inferences about his brain from an observation 
of his behaviour we might well conclude that it is simpler, more 

E rimitive than the central nervous system of many inverte- 
rates. Yet if the principle of psycho-physical parallelism were 
a trustworthy guide . . , we should reach identical results 
from either side.” 

This introduces us to another aspect of the doctrine of 
parallelism when applied to evolution, namely, the corollary 
that recapitulation in the physical sphere is necessarily accom¬ 
panied by exactly parallel recapitulation in the psychical 
series. It is against this doctrine, and its consequences for 
psychological medicine, so widely held by modern writers, such 
as Sir Archdall Reid, that Dr. Suttie’s criticisms are directed. 
He calls attention, in the first place{ to the fact that the doctrine 
of recapitulation, in the extreme form propounded by Haeckel, 
is no longer supported by modern biologists. t*rof. Goodrich 
himself states this very clearly on p. 146 of his book, but the 
fact does not appear to be familiar to modem psychologists. 
If this premise is denied it, then mental recapitulation falls to 
the ^ound and Suttie also points out many other difficulties 
whidi follow the application of this doctrine especially in the 
cultural and affective spheres. For further details the reader 
may be referred to the original paper. 

If we have dwelt so much on the last section of Prof. Good¬ 
rich’s book it is because, apart from the intrinsic interest of 
the subject, it has such important consequences in human 
affairs. Starting from the empirical data of natural science, 
our speculations reach to conceptions which extend far beyond 
them, and which admit of deductions being made that have 
their reverberations in evely sphere of human endeavour. 
How important it is to distinguish between scientific hypothesis 
and metaph3rsical speculation, between the province of natural 
science and that of psychology, we have already pointed out, 
but an examination of current physiological writings suffices 
to show how frequently this precaution is neglected. Anyone 
interested in medical education cannot but regret the exclusively 
physiol<^cal approach to mental processes which at present 
obtains m the medical curriculum, with its unfortunate con- 
aequences for the diagnosis and treatment of mental disease. 
frpfeasm Goodrich himself, in effect, emphatically repudiates 
Hus attitude when he writes (p. 176): “ The physiologbt is, 
however, daily eutteading our knowledge of the metabolic 
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processes, and as far as he advances he discards the psychical 
' explanation/ But in doing so he often ignores the passage 
from one abstraction to the other, and erroneously concludes 
that the mental processes are insignificant, superfluous, or 
non-existent. He imagines that he has reduced tnem to mere 
physics and chemistry—an error into which we must not fall. 
If the whole chain of physico-chemical metabolic processes 
going on even in the human body and brain be some day dis¬ 
covered, the mental processes will still remain untouched and 
incapable of being described in the same terms.” It might 
furthermore be added that the very terms “ physico-chemical ” 
and ** metabolic ” are used for the expression of future hopes 
rather than for the description of present knowledge. For the 
concepts used in modem neurology, even in describing the most 
simple nervous processes, are neurone,” “ impulse,” ” inhibi¬ 
tion,” etc., not physico-chemical terms at all, and when the 
neurologist attempts to penetrate the deeper recesses of the 
brain his terminology tends to become correspondingly more 
misty. 

>^en we compare the present position, as represented by 
this book,* with that adopted by the Victorian evolutionists, 
we cannot but regard the step from epiphenomenalism, and its 
metaphysical basis of materialism, to parallelism, and the meta¬ 
physical doctrines of Spinoza, as one of advance, even though 
some may regret that it has not yet reached so far as interaction- 
ism. But interactionism has implications for biology which 
few modem biologists are willing to admit. Parallelism has the 
great advantage that it permits the development of a purely 
mechanistic biology, with its great heuristic merits, without 
doing violence to psychology. 

Of the purely biological part of Prof. Goodrich’s book it 
would perhaps be superfluous to write. His contributions to 
morphology are too well known to need any introduction to 
readers of Science Progress. If any feature were singled out 
for special mention it would be the particularly lucid way in 
which the author criticises the confusion which exists in the 
use of such terms as ” variatioi^” ” acquired characters,” and 
others used in genetics. Prof. C^odrich concludes the section 
” Darwinism and Heredity ” with the words ; ” No case of the 
supposed transmission of modifications has y^et been brought 
forward which could not be better explained in other ways.” 
Prof. £. W. MacBride, on the other hand, in a somewhat 
similar book for the general reader,* states that Kammerer’s 
experiments (to which Prof. Goodrich does not refer) ” demmu- 

> The tame point of view appean to he taken in tiie biocheniical arttqilS 
of the recent Miwraf CyMegy edited by E. V. Cowdry. 

* An IntroduOion 10 Ike Sudy of HereMty, London, 1934. 
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strate Lamarck’s {principle in the clearest way.” Should both 
books come into his hands the general reader will perhaps be 

{ >uzded at this extreme divergence of opinion, but he will at 
east be stimulated to think. If, on the other hand, he only 
reads one authority he may carry away the impression that the 
fundamental problems of biology have been solved, and only 
the details remain to be worked out I 

Tta nmnOM or BVOKVTXOV.—By is,. Being a review of Hm 
Blements of Physioal Biology. By Alfred J. Lotkr, M.A., D.Sc. 
(pp. XXX + 460). (Baltimore: Williams & Wilkins Co., 1935; London: 
Bailliire. Tindall & Cox. Price 35$. net.) 

Perhaps one of the most satisfactory views of the nature of 
Science is that which regards its function as being the description 
of the phenomena of perception by means of conceptual schemes 
which are regarded as being the more satisfactory a.s they are 
the more comprehensive. And it is this view possibly which 
has led Dr. Lotka to give us his interesting and ambitious 
mechanical theory of evolution. 

Starting from the definition that evolution, is the history 
of a system undergoing “ irreversible ” changes, the subject 
B developed very largely by means of analogies with physical 
chemistry and thermodynamics, the latter of which, in the 
law of increasing entropy of an isolated system, provides a 
t3rpical example of an irreversible change. Another analogy 
lietween these branches of physical science and the biologi^ 
sbiences is found in the readiness with which the statistical 
method is applicable to both. 

After an introduction in which this point of view b developed, 
the work is divided into three main portions dealing respectively 
with the ” kinetics," the ” statics,” and the " energetics ” of 
Hfe’-bearing systems. 

Kinetics is here conceived as a description of the changes in 
the mass relations of living organisms without regard to the 
associated energy changes. Much use is made of a system of 

equations of the type *=* F«(Xi, X, . . . X, P, Q . . .) 

which enress the rates of growth of each of a set of different 
species in terms of its own numbers (or mass X() and the 
numbers of certain other species (Xj, X!,, etc.), together with 
certain parameters (P, Q . . .) such as climate temperature 
and so forth, on which the growth is conceived to depend. 
A system of equations of this type is apparently chosen owing 
to uie analogy with ” completely damped ” systems in dynamics 
—systems which are necessarily undergoing '* irreversible ” 
cham|[e8. The question of the stability of the equilibrium 
position of such a sytfem is also dbcussed. The VerhulstoPearl 
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curve for the growth of populations is deduced as a particular 
case, and some numerical data, to which the curve is fitted; are 
given for both human and other populations. The Ross equ»> 
tions for the growth of malaria in mosquito and human popula¬ 
tions and the relations between them are also discussed, and 
there are some further illustrations from parasitology, while 
room is also found here for some treatment of survival curves. 

In the next section on “ Statics," stability and non-stability 
of equilibrium are considered at greater length, and there the 
discussion is again illustrated by the Ross malaria equations. 
The question of inter-species equilibrium or the equilibrium 
which will arise between species pre5ring or otherwise mutually 
dependent on one another next receives attention ; and this 
is followed by a long description of " the stage of the life 
drama " in which details are given of the circulation of water, 
nitrogen, phosphorus, and other elements through the oiganic. 
and inorganic world. This is very suggestive but somewhat 
speculative, and, though we are given many numerical estimates, 
our confidence in these figures is not enhanced when we find 
two estimates for the proportion of the total water annually 
in circulation, which takes actual part in the organic circulation, 
as divergent from one another as one-sixth from one-seven- 
hundredth. The section on " Statics " concludes with a dis¬ 
cussion of " parameters of state " quantities, such as area 
available, rent, climate, population density, and the like, which 
may be conceived to influence the growth of organisms. 

The final section, on " Energetics,” develops the conception 
of living organisms and, in particular, human beings as the 
" energy transformers ” of nature. " The picture we must 
keep before us, then, is that of a great world engine or energy 
transformer composed of a multitude of subsidiary units, ea^A 
separately and all together as a whole, working in a cycle." 
The nature of the subsidiary units is then considered in some 
detail: they have “ receptors " such as eyes and ears, " elabora- 
tors " such as memory and reason, " adjustors " or stimuli to 
responsive action, and " effectors " such as wings, feet, or hands. 
In the human species these are supplemented by a number 
of artificial aids similarl5r classified. The development of this 
rteme leads the author into ph3rsiology and psychology, and 
the book closes with a chapter on consciousness. 

An essential of any conceptual scheme that is to have 
scientific value is its verifiability by the facts of experience j 
in this respect Darwin's work was a model. The results of 
more than twenty years’ careful observation and thought were 
presented to the world, all unified by the conception of natural 
selection in a theory which was perhaps as amplv verified by 
observation as any non-quantitative uteory can be. 



THE PHYSICS OF EVOLUTION 339 

If an author chooses to present a theory in a mathematical 
form, this must stand or fall by appeal to numerical data, 
and if this is lacking the theory must be regarded as purely 
speculative. Now, Dr. Lotka’s theory of evolution seems, as 
far as it is verified at all by observation, to depend on the fact 
that certain collections of statistical data can be fitted by curves 
whose differential equations are of the same form as certain 
equations which describe irreversible changes in physics. But 
there is a danger in interpreting a curve fitted to statistical 
data as providing anything in the nature of a biological law, 
because statistical data can often be fitted equally well by 
curves whose analytical forms differ much from one another 
and are obtained on very different a priori assumptions. 
Brownlee * has given instances of this in epidemiology, nor, 
in his examples, do those forms based on assumptions which 
might seem a priori most likely, always give the best fits. 
Again, Pearl’s data for the population of the United States 
might, it seems to us, have been equally well fitted with an 
ordinary cubic curve, a form not obviously derivable from 
Dr. Lotka’s fundamental equations. 

Though the author’s general theory appears to be somewhat 
ultra-speculative, no careful reader of the book would have 
anything but admiration for the great mass of knowledge about 
quantitative biological relations which he has succeeded in 
compressing within the limits of one volume. The style (apart 
from the mathematics) is likely to appeal to the general reader, 
plentiful use is made of analogy, which, as long as it is remem¬ 
bered as being such, is full of suggestiveness. For example : 
“ The drama of life is like a puppet show in which stage, scenery, 
actors and all are made of the same stuff. The players indeed 
have ‘ their exits and their entrances,’ but the exit is by wav 
of translation into the substance of the stage ; and each 
entrance is a transformation scene. So stage and players are 
bound together in the close partnership of an intimate comedy ; 
and if we would catch the spirit of the piece, our attention must 
not all be absorbed in the characters alone, but must be extended 
also to the scene of which they are bom, on which they play 
their part, and with which in a little while they merge again.'' 

. On the last page of this book appears the motto “ Mon livre, 
c’est moi." When the reader reflects on the fact that in this 
one volume physics, chemistry, geology, epidemiology and 
vital statistics, parasitology, physiology and psydiology, all 
find a place, he will perhaps feel that the author might have 
added the bold words of Francis Bacon, “ I take all knowledge 
to be my province." $»• 

Proettiitigt qf tk0 Royal Socuty of Moiicine, v(d. ii, Oa Epidemiology, 
p. is6. 
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BQitory kA Mathematioi. Volume I. General survey of the History of 
Elementary Mathematics, 1923. [Pp. xxii H-596.] Volume II. 
Special Topics of Elementary Mathematics, 1925. [Pp* xii 4- 725.] 
By David Eugene Smith. (London: Ginn & Company. Price 21s. 
each volume.) 

The sub-titles of the two volumes of this significant and unique addition to 
the literature on the history of mathematics exhibit clearly that this work is 
chiefly concerned with the history of elementary mathematics, but the general 
tirie unfortunately docs not give any evidence of this important feature. 
The term ‘‘elementary ** applies more clearly to the present work than to the 
work, involving about the same number of pages, recently published by 
J, Tropfke under the title Geschichie der Elementar-Mathematik, which the 
author of the work under review actually calls “ the best history of elementary 
mathemarics/' volume i, page xv. The sub-title of the second volume suggests 
the important fact that the present work does not aim to cover the entire 
field of the history of elementary mathematics. It is especially weak as 
regards recent developments in this field, and hence it is not surprising 
that the name of such a prominent worker as F. Klein does not appear in the 
indexes of these volumes. His name is, however, incidentally mentioned 
In volume ii. 

In volume i the table of contents is followed by a brief bibliography 
and six pages headed “ Pronunciation, transliteration, and spelling of proper 
names.*' On the closing page of the bibliography one finds references to 
various extensive works on biography, including several which were com¬ 
pleted sixty years ago. The latter are recommended without a word of 
warning as regards the care which should be exercised in the use of such old 
works. There has been g^t progress in the history of mathematics during 
the last sixty years, and it is very important that those who are beginning 
the study of this subject should be aware of the need of caution in the use^ 
literature, since the exercise of such caution is one of the most useful and most 
lasting benefits that may be derived from a first course in the history of our 
subject. Recently G. Loria directed attention to the need of such caution 
even in the study of the more recent biographies of mathematiciana {Scientia^ 
volume XXXV, 1924, page 10). It may be interesting to note here that, while 
theDs vitapropria, by H. Cardan,ds explicitly a basis of the biographical sket^ 
of this eminent mathematician in the eleventh edition of the Encyclopedia 
Britannicat G. Loria points out in said article that it is of little value as an 
historical document. 

The main object of the present work is to supply “ teachers and studoits 
with a usable textbook on the history of elementary mathematics, that is, 
of mathematics through the first steps in the calculus. . . . The effort has 
also been made to introduce enough of the anecdote to relieve the monotony 
of mere historical statement and to reveal the mathematician as a human 
being like others of his race." Teachers who will use the work as a textbook 
will probably find that the topics for discussion which are suggested at the 
close of each of the twenty chapters conatitate a very useful feature. The 
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ire A can be used profitably by those who know very little mathematica. 
Evan those who are interest^ only in elementary arithmetic and its teaching 
find here a large amount of inspiring , information relating to their work. 
The university student of mathematics would probably, as a rule, prefer a 
course in the history of his subject in which the development of the mathe* 
matical concepts and the more modern advances relating to elementary 
mathematics receive greater emphasis. 

The first edition of such an extensive work on the history of elementary 
mathematics may reasonably be expected to involve a considerable number 
of inaccuracies. It is not the purpose of the present review to furnish a list 
thereof, especially since a list of suggested modifications relating to volume i 
appeared in School Science and Mathematics, volume 24 (1924), page 939, 
and a similar list relating to volume ii is expected to appear in a later issue 
of the same journal. Sometimes contradictions appear more serious than 
they really are. For instance, on page 301 of volume i of the work under 
review it is stated that a second edition of Bombelli's noted work on algebra 
mpeared at Bologna in 1579. This statement is flatly contradicted by G. 
Enestrdm in Tribune publique **40! the EncychpSdie des Sciences Mathl- 
matiques, as well as by G. Vivanti in Periodica di Matematiche, volume v 
(1925), page 39. Notwithstanding the fact that we have here an obvious 
contradiction, it should not be assumed that the careful reader of the present 
work will fail to learn the essential facts, since it is merely a question of what 
constitutes a second edition, and there naturally are diflerences of views as 
regards this point. 

The reviewer feels compelled to note here a few details relating to a feature 
of the present work which impressed him unfavourably and appears to him 
as fundamental. This feature is clearly exhibited by the first two pages of 
the tenth chapter of volume i. The opening sentence of this chapter is as 
follows : “ Since this work is concerned primarily with the history of elemen¬ 
tary mathematics, it would be quite justifiable to set its limit at the close of 
the 17th century.** It may perhaps be assumed that most readers will not 
take this statement seriously, since our author fortunately did not go quite 
to the extreme of setting the upper limit of his work at the close of the 17th 
century. There are, however, a number of other statements on these two 
pages which support the one quoted above and are apt to be taken more seriously 
by the beginner in the history of mathematics. For instance, in the second 
paragraph of this chapter we are told that the textbook on algebra that is 
used in the secondary schools and in the freshman course in the college 
^'contains no mathematics that was not generally known'' before 1700. 

At the University of Illinois, for instance, we certainly teach many things 
in our freshman course in ajgebra which were not only not generally knoum^ 
but which were not known at all before 1700, and we think they are mathe¬ 
matics. For instance, we teach theorems about determinants that were 
entirelv unknown at that time. The same is true as regards complex numbers. 
Sometimes we teach partial fractions and Cauchy's tests relating to the con- 
veigency of infinite series in this course. Both of these subjects were entirely 
unlmown in 1700. According to Tropfke's Geschichte der Elementar^Mathe* 
matik, volume ii (1921), page 78, the eighteenth century suffered because a 
Mtis^ctory introduction of negative numbers was then still lacking. Hence 
it seems vi^ far from the truth to imply that our freshman courses in algebra 
contain no mathematics that was not generally known before 1700. 

Those teachers who recall the very fundamental place which Taylor’s 
theorem occupies in a modem course in elementary calculus and the use 
made therein of partial fractions in integration will probably desire to direct 
tim attention of their students who may be using the present work as a text¬ 
book to desirable modifications relating to the following sentence; '* The 
mdeum hM been greatly improved with respect to its foundation principles 
glad the method of presentamm but the elementary calculus that is tang^t 
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in our colleges, both dilTerentiat and integral, with its most important applied* 
tions, was lamiHar by the year yoo/* On the top oi the same page we £nd 
^e striking statement that " Euclidean geomeby is what it was bien/* 
Partly on account of such statements the reviewer was forced to cmielude that 
the present work would not attract the advanced student who desires m^ly to 
broaden and deepen his mathematical insight by the study of the histoty 
our subject. This conclusion is also support^ by the following 
statement: ''Fibonacci (1202) gave J.2* (2*-i)«-6, J.a* 

J.2* (2* — i) ■* 496 as perfect numbers, and so in general for (a^ — i) 
where a** ~ i is prime,—a rule which holds for the first eight perfect numbers 
but is not universal " (volume ii, page 21). 

Among the many other statements which made a very unfavourable 
impression on the reviewer is the following, relating to Heron: " He was 
able to solve the equation which we write in the form -f ^ o, 
so that the general quadratic as we know it to-day was thus fully mastered 
by the Greek mathematicians " (volume i, page 126). On page 444 of volume 
ii we are told that " the Greeks were able to solve the quadratic equation 
by geometric methods." The former of these two statements involves a 
fundamentally incorrect conception as regards the algebraic attainments 
of the ancient Greeks in view of their limited number system. The latter 
is less objectionable, and is found in many other places ; but it is obviously 
inaccurate, since the Greeks knew nothing about the geometric representation 
of ordinary complex numbers and did not consider negative roots. In fact# 
if we understand by geometric solution the construction of points, or line 
segments, representing the numbers which are the roots of a given quadratic 
equation, as is commonly done by the modem student of elementary ma^e- 
matics, ^e ancient Greeks were far from solving the general quadratic 
equation geometrically even for the case when the roots are real. 

In general, mathematical questions receive very little attention in the 
present work, but one finds here an unusual richness as regards historical 
data relating to certain topics of elementary mathematics. A charac^eriftie 
feature is the emphasis on the mathematics of China and Japan, and on 
mathematical archaeology, notwithstanding the fact that China and Japan 
seem to have contribute little towards the development of matiiematica. 
Tlie large number of reproductions, sometimes representing purely fandful 
original pictures, will doubtless attract some readers who have not beretofora 
become interest^ in histones of our subject. Hence it mav be hoped that 
this work will render real mathematical service by u^dening the circle of those 
who take some interest in the development of an intellectual heritage whidh 
all respect but few appropriate liberaUy. In America we now have two com* 
pmtively recent works which bear the general title Ifistofy of 
Fortunatdy they supplement each other in part as regar(& the fields which 
thev aim to cover. Iliey also contradict each other in various placet, and 
each of them involves a large number of other questionable statements. Xt 
is hoped that references to such statements will tend to increase the number 
of those readers who will extend their historical studies beyond the limits 
of these works. G. A. Hxluksu 


llotsttooi tt Fomnita ▼•otorleQsi. Par A, Lafay. (Pp. 36.] (Pads: 
Gauthier-Villars A Cie., 1935* Price 6 frs.) 

Thx author has collected together into a little pamphlet the elementary 
formula of vector analysia, leading up to the theorems of Green and Stokes. 
Unfortunately# tiiere seems even yet to be no uniformity in tentnlnok^ or 
notation. M. Lafay objects to " gradient" and " divergence " and ohd 
(or " rot '*) on the ground that th^ artia from the Interpretation of larmiila 
of hydrodynamics, and that except in this qpedsl case they hate nb atOft 
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fUMOU than the word flnxion ** used by Newton for the derivative 
of a function. But one cannot help feeling that they have come to stay. 
As rewds notation, M. Lafay follows M. H. Resal/though he gives in a foot- 
note m. 6), as is right and proper, the notations used by other authors. He 
has a fondness for multiplying bars over letters, which is horrid for the printers* 
but at the same time he objects to the common practice of denoting a vector 
by Clarendon type, which is hard to represent in manuscript or on &e black¬ 
board. This is a useful little book. 

F. P. W. 

ISinients of the Mafhematioal Theory of Limits. By J. G. Leathem, Sc.D. 
[Pp. viii + 288.] (London : G. Bell & Sons, Ltd., 1925* Price 
14s. net.) 

Ax the time of Dr. Leathern's death in March 1923, the manuscript of this 
book was substantially complete—even as to the Preface. It has been seen 
through the press by ftof. H. F. Baker and Prof. E. T. Whittaker, who have 
followed Dr. Leathern's text without alteration except in correcting obvious 
slips of the pen and making slight changes to remove obscurities. The result 
is an interesting and well-written volume which will be of great value to the 
3roung man who is perhaps not quite in a sufficiently advanced stage to be 
able to appreciate Hardy’s Pure Mathematics. The treatment is elementary 
and clear; difficulties are not shirked, but are definitely indicated, their fuller 
discussion being left until a later stage. The author is careful to point out 
that what may be called the pathological" study of functions may be 
pos^oned and that, for all but special exceptional values of the independent 
variable, the functions commonly employed in elementary mathematics are 
oemtinaous. “ The practical policy is generally to assume continuity, but 
to keep a look out for discontinuities and the special values of the variable 
to which they correspond ” (p. 52). 

The first part is introductory, containing illustrations both arithmetical 
and geometrical of tendency to a limit, and giving useful warnings against 
loose statements about " in^ty." The author is rightly insistent upon the 
xiecessity of being able to an^yse, in a grammatical sense, a statement 
expressed in symbols, and he suggests (p. 33) that in elementary mathematics 
we may use the symbol 00, but never as a noun." 

Part II gives the general theory and includes chapters on infinitesimals 
and their orders, on asymptotic approximation, on differential coefficients 
(though the notation of the differential calculus is not introduced), and on 
. the exponential and logarithmic limits. 

Finally, Part III applies the general theory to infinite series and products* 
but stops short of double series and uniform convergence, it being thought 
better to keep clear of double limite in a first study of the subject. There 
are numerous examples throughout the book. 

Chap, 22 (Existence Theorems, etc.) and the last chapter of the book 
(brational Numbers) are perhaps the least satisfactory and one may be 
inclined to doubt whether they should not have been placed earlier. How¬ 
ever, ^ey contain much sound advice and instruction. 

Most people are aware that the introduction of the " arrow " nototion* 
now almost universal, for tendency to limit is duo to Dr. Leathem ; it was 
tot given in the tract on Surface and Vohme Integrals (Caxnbridge, 1905). 
But with regard to asymptotic approximation the author is perhaps less 
bappy; tbe symbol (••) is suggested, but the symbol wMch Dr, leathem 
oblecta to as being used already in England to express a difference seems to 
bavafSimly esta^Siffied itself, and men who have attended Mr. Littlewood'a 
totuies in Cambridge, at any rate, have by now learned to say that ** m 
V uMfBm y ** without a blush. 


F. P. W. 
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OoDfocniil W&pmmtMm. By Lbo Lewbkt, Tnntlatod by R« Torat 
and D* H. Wiluams. [Pp. viii + 146.] (London: Methuen i Go.» 
X.td., I925, Price 7s. 6 d. net.) 

This book is intended for applied mathematicians who require to make use 
of the method of conformal representation. Results in the theory of functi^ 
axe accordingly explained where necessary, and after simple illustrative 
examples (and some remarks on Riemann Suriaces which engineers may boggle 
at, but wli^h it will do them good to read) the author wisely states without 
proof Riemann's general theorem on the possibility of representing any 
simply-connected area conformally upon the interior of l&xe imit circle^ 
saying explicitly that the applications of the method depend upon its trutti. 
The last chapter, added by W. Blaschke after Dr. I/swent's death, deals, on 
the assumption of the Riemann theorem, with the well-known Schwara- 
Christoffel transformation for a convex polygon, and Dr. Blaschke naturally 
cannot resist the temptation to talk a little about automorphic functions* 
This chapter, and indeed the whole book, is well worth reading oven by the 
pure mathematician, though he may consider the working out of some of 
examples in the earlier part unnecessarily complicated. 

>;^atof the translation ? Well, give me the German original every time f 
It is so much easier to understand. Here and there are sentences which are 
completely unintelligible in the English version, but which are quite straight¬ 
forward in the German, though perhaps hard to translate. Examples are 
the two paragraphs on the proof of Riemann's theorem (pp. loo-i)-—the 
sentence on the work of Schwarz being turned into nonsense—the conduding 
sentence of the statement of the theorem (p. 96), which does not contain 
the whole truth, the omission of a word corresponding to '' mdglicherweise 
in the sixth line from the bottom on p. 142, and the translation of die sich 
auch auf einzelne Punkte reducieren konnen '' by and these may be r^uced 
to points ** (p. X46). Moreover, the definition of a simply-connected area 
(p. 97) is not correct in the English version, " unique'' is not always an 
adequate rendering of ** eindeutig,*' and ** seine sehr allgemein gehaltenen 
Darlegungen does not mean ** his exposition, which was considered to be 
general" (p. 28). Also, why talk about smooth " surfaces for '' schlichte 
Bereiche " on the last page ? Surely “ simple regions " is far better. And 
" Fricke’s lectures on Klein's work on elliptic functions " is rather a queer 
way of describing Fricke's edition of Klein's lectures on the elliptic modular 
functions. 

As a counterblast we may note that, however surprised the reader may 
be to be told (p. 139) that the equation 

»t) (X - »%) (x - Xt) {x - Xt) 

reptesents a plane cubic curve with no double point, this Is a slip of 
Dr. Blaschke’s and is not due to the translators. P. P. W. 

An inifodaoiioB to Maihenuitieal Probibility. By Juuan Lowbix Coolukib. 
[Pp. xii + 216.] (Oxford: at the Clarendon Press, 1925. Price 15s, 
net.) 

The beginning of this book is very nnsatisfactory. The autoor atten^ 
to mainfain Venn's definition in terms of frequency, assuming as a nest 
mnpirical assunmtion the existence of the limit of a series. As has bcMm tooem 
by Wrinch and Jeffreys (Phil. Mag. 88 (1919). 7*5-3*) in an important paper, 
with which Prof. Coolidge does not seem to be acquainted, the method oseiis 
no advantage over that of regarding probability as an entity known to 
independently of definition, intelligible wiriumt definition, and packiqp 
indefinable. 

Apart from this the book is a usefnl compilatton. It is inevitaUe tlwb 
it sboold begin with proUems aboat games of chance and bolls in unis, kt 
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teftiitlior8«ys(p. 36): ^'Thisbnmc^ofthetheoiyof probabiHtyhaaalwajri 
luul a peculiar fascination for a certain t3rpe of reader* and was* moreover^ 
the historic basis of the whole science. , . . At the present time the calculus 
of probabilities is principally occupied with more serious matters.*' And 
it is in these more serious matters, the theory of errors, the combination of 
observations, statistics, that the value of the book lies. There is a good 
section on least squares, another on curve fitting, a chapter on life insurance, 
and, a valuable but unusual feature, a chapter on Ihe Kinetic Theory of 
Gases with a proof of Maxwell’s law. At the end are tables to five places 
of decimals of the exponential and error functions. 

One has learned to expect racy expressions and amusing illustrations in 
a book by Prof. Coolidge, and one is not disappointed. ” If all of the inhabi¬ 
tants of Chicago should meet together in one place and get extremely drunk, 
and then try to go home by guess-work, the chances that at least one would 
get back to his own bed are almost two out of three. This is one of the cases 
where it is fortunate that the probability can be calculated beforehand, and 
we are not forced to seek it experimentally.” And so, with quotations from 
the Magnificat and from Captains Courageous, we get to the end. It is 
surprising that Prof. Coolidge has not drawn upon that mine of good things, 
Todhunter’s History of Probability, F. P. W. 

Lsetuns on 0au6hy*s Problem in Linear Partial Dltterential Sanations. 

By Jacques Haoamard. Silliman Memorial Lectures. [P. x -f 316.] 
(Newhaven: Yale University Press; London: Humphrey Milford, 
1923. Price 15s. net.) 

Cauchy’s Problem, which is the subject of this book, consists in finding the 
solution t« of a linear partial differential equation of the second order in m 
independent variables, X|, X|, . . . Xm, such that at each point of a given 
vari^y S, whose equation is G {x^, . . , x^) «« O, u and the derivative of 
m in some direction given arbitrarily at each point of S, but not tangent to it, 
riiall take given numerical values. 

The case of the equation 

n 

^ 3-8* c* 0/* " 

08 ^ 

of spherical sound-waves, in which we are given u (- uq) and ^ (-Hj) for 

f O, was dealt with by Poisson, who in 1819 found the solution in the form 

0 

^ f) - ^{fM«(wo)} + fM«(Mi), 

where M^(^) denotes the average value of any function (x, y, z) on the surface 
of a sphere of radius r and centre (x#, yo, r®). For cylindrical waves, in which 
u is independent of r, the result can be immediately deduced from Poisson’s 
by supposing Uq and to be independent of z — an example of what Hadam^ 
calls the ” method of descent,” though ” creating a phrase for an idea which 
is merely childish and has been used since the very first steps of the theory 
ill I must confess, rather ambitious. It consists in noticing that he who can 
do more can do Im " (p. 49)—but the result shows a remarkable difference 
hovBL that in the three-dimensional case. It can be expressed in the form 

j W li i ea 9Mr tiia «rw of llie did. owtre (i;o>^o) and radio, r. 
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For spherical waves it is at once dear Irom the formula that if ui anS Ui 
are sero 6V6ryvv:here except within a small region surrounding a definite point 
P {i^, if the idtial impulse is localised in the immediate neighbourhoM of 
P), then the values of u, which represents the effect of that impulse at a later 
time i, will be zero everywhere except in the immediate neighbourhood of the 
suiiace of the sphere with centre P and radius ct. This proposition is some* 
times refened to as the mathematical expression of Huygens' prindple, but 
Hadamard prefers to call it ** Huygens' minor premise. The remarkable 
thing is that it is by no means true for cylindrical waves; the integral is 
here taken aU over the inside of the circle, the action of an initial impulse at 
P will be propagated with constant velocity c, as in the former case;^ and will 
begin to ^ perceptible at {x^, y©) when the wave thus generated just reaches 
tiiat point, but it wiU continue after that instant. If initially the impulse 
is localised within a region S of the plane u will be zero if the cirde is entirely 
outside S, will be different from zero if the circle cuts S, but will remain 
Afferent from zero if the circle includes S. We thus get in this case a residual 
integral, a tail, and we may say that cylindrical waves are dijfuse (cf. Lamb: 
Hydrodynamics, 3rd ed., p. 500). In fact, Huygens' minor premise turns 
out to be a quite special property of certain special equations. Hadamard 
has proved (p. 177) that it cannot hold for any linear partial differential 
equation of the second order with an odd number of independent variables^ 
any such equation having residual integrals. For an even number of inde* 
pendent variables he obtains (p. 236) a necessary and sufficient condition 
for the vanishing of the residual integral, but, os he is careful to point out, 
we do not know how equations satisfying it can be found, or even whether 
there are any except 

^ ^ 1^ 
dxi* 9 ^ 1 * * * * c^^fl 

and its trivial transformations. 

But these are only particular deductions from the general solution of 
Cauchy's problem as given by Hadamard. How does he set about it ? His 
method is to generalise the procedure of Kirchhoff, Riemann, and Volterra 
for certain simple types of equation to any (normal) hyperbolic linear equation 
with m independent variables. He remarks that the three authors named 
have a common starting-point, and " indeed, we can say that there is only 
one formula in the whole theory of linear partial differential equations, no 
matter to which type they belong " (p. 58). For the potential equation this 
fundamental formula is, of course. Green's theorem^ For any equation 

F(«) = « Aag^ + f + C« - O 
the fundamental formula is 

y *[V F(«) - « G (V)] <fr - -y*(„|^ _ + Lw) dS 

in which the integral on the left is an m-fold integral taken throughout a 
portion Tof our space, that on the right is an {m - i)-£old integral taken over 
the boundary S of T, G(i;) « O is the adjoint" differential equation of 
F(a) -»O, d/op denotes differentiation along a definite direction called by 
Hadamard the transversal to S (previously called the conomud by d'Adhemax) 

and 

«ri, ir, . . . being the direction cosines of the normal to S. 

In this fundamental formula « is the unknown function of the oroblem 
and V is an auxilia^ arbitrary function, precisely in the choice of which tito 
whole sldll of the operator lies. It is chosen to satisfy the adjoint equation 
C(v) * O—in the ordinary potential theory it ie simply tbs <dei)M»tint]r 
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foteatial x/r (or log x/r if m o) or one of the quantities (Green's functions) 
irtitsined from the'blementary potential by the addition of certain terms which 
semain regular lor r •• O. ll&e essential thing is the singularity for r •• O 
wtddh, it must be remembered»is not merely the single real point (x^, it) 
but the whole of the isotropic cone with this point as vertex. In the general 
case it appears from a theorem due to Le Roux and Delassus (1895) that 
the singular variety must be a characteristic, t.i. if its equation be 
^ iTg, • • • Xm) — O, then G must satisfy the finit order equation 


2 A« 


aG^ 

txidxk 


O. 


Hadamard proves this theorem and its converse (Book II, chap. 3), and goes 
on to construct an elementary solution for which the singular variety has a 
node at an arbitrary point of our m-dimensional space. If r O is the 
equation of this singular variety, called the characteristic conoid, then for m 
odd the elementary solution is of the form where U is a holo- 

morphic function taking at the node a value equal to the reciprocal of the 
square root of the modulus of the discriminant of the quadratic form X Aa Xf Xu 
fwe exclude parabolic equations, so that this value is hnite), and is quite 
terminate. 

For m even the elementary solution is of the form U/r<h*»~»)—V log r, V, 
being another holomorphic function, but here there is a great degree of 
indetermination in the result. 

It thus appears that, contrary to what one would have expected from the 
results for m - 3, 4 in the simple case of sound-waves, it is m odd which is 
the simple case, and Hadamarcl deals with this first, preferring to deduce the 
results for m even by his method of descent. 

But our difficulties are only just beginning. Introducing our elementary 
s<^ution into the fundamental formula we immediately get landed with 
meaningless integrals, the quantities under the signs of integration becoming 
infinite in an impermissible maxmer upon the characteristic conoid. It 
Was for this reason that the auxiliary function v used by Volterra was not 
our elementary solution but a function obtained therefrom by a simple 
integration. In the general case this would add greatly to the complexity 
of the procedure, and so Hadamard avoids this by what he describes as a 
xather paradoxical notion." Consider the integral 


f.a 


M*) . 

Direct differentiation with regard to b would appear to be impossible; 
It would give 


-iM 


tX(x)dx , 


r_A(i) , 


1 


b. 


a sum of two terms, the first of which has no meaning as containing an 
infinity of order 3/2 under the integral sign and the second being meaningless. 
But the expression 


/■ 






AW 


eppxoaches a perfectly definite limit as x tends to b, and the same is true 
if the second term be replaced by B (x)/{b - x)*, where B is any function 
Of X which satisfies Lipsc^ts's condition and is such that B(b) ** 2A(6^, 
the result obtained being independent of the choice of this function B. It is 
^tns not necessary to indicate what special function B we take, and we may 
dbuote tiie limit by the S3rmbol 



eoa ft Urn finite 1^ 
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No difficulty arises in defining the same symbol £qt higher ordpm ^ 
infinityi provided that they are fractional; and we may further devekip 
rules of operation of the symbol and extend the notion to multiple integrals^ 
All this is treated at length in Book 111 , chap, i,A New Kind'of Improper 
Integral.'* The next chapters obtain the fii^ solution for the case of m 06A 
and apply it to familiar equations; Book IV deal with the case of m even and 
gives other applications of the melhod of descent. 

There is a tremendous amount more in the book that we have not even 
touched upon. Fox instance, in Book I there is a discussion of non-analytic 
solutions, with some account of the notion of various orders of neighbourhood 
and continuity which arose in the Calculus of Variations, and Book II con¬ 
tains a good deal of information with regard to difierential geometry of many 
dimensions, and geodesics in particular—in fact the book most frequently 
referred to in the foot-notes is Darboux's ThSorie des Surfaces. 

But enough has been said to make it clear that this is a book to be read. 
The subject is a difficult one. but Ihe style is delightful, and the volume will 
be of interest and of value not only to the specialist but also to any seriotia 
Student of the mathematics—or. as Hadamard would say. to any geometer— 
if only for the emphasis laid upon Poincare's remark: *'11 n'y a plus des 
probldmes r68olu8 et d'autres qui ne le sont pas; il y a seulement des 
probldmes plus ou moins rSsolus,** F. P. W. 

mniQM 

AtiwiMi and Bays* By Sir Oliver Lodge. F.R.S. [Pp. ix + 208. with 
8 figures and 1 plate.] (London: Ernest Benn. 1924. Price 2x5. net.) 

For many centuries the name Science meant something magical, inaccessible 
to the common mind, knowledge obtainable only by a few. With the present 
generation, which knows everything about wireless and nothing about 
electricity, this is no longer true, and there is a great thirst for that type of 
knowledge once thought to be the privileged possession of an 61 ite. Most 
scientists are far too engrossed in their subject to satisfy this tendency of 
popular thought, although it lies far deeper than passing fancy; but Sir 
Oliver Lodge has always felt that the sharing of scientific knowledge with his 
fellow-men is a duty imposed by his own dependence on them, and has 
lavished much of his time and thought on this task. In the present volume 
he has made a survey of the attempts which are being made to co-ordinate 
our present knowledge of the fine structure of matter; although he sees 
clearly the incompleteness of these attempts. But the book is far more than 
a mere survey, it is a sermon in atoms and golf and^tennis; a wealth of mar¬ 
shalled fact adorned by an even greater wealth of our English tongue; it 
reveals modem scientific thought from the very seeds to the buds and the 
fiowers and the fruit, now a growing living mighty structure, with its great 
yearning, a desire to reach the infinite. 

Mueffi of the book defies appraisement or criticism from a scientific point 
of view, but this is only to be expected, since it is intended for the post¬ 
prandial edification and enjoyment of those who toil and spin, but desire also 
to think. We hope these readers will appreciate their glorious privilege in 
being presented to the Ether of Space by Sir Oliver Lodge, who can claim 
half a century of close acquaintance with the Infinite Medium, 

In the age of specialisation few will be able to perceive the connectioni. 
to which attention is drawn in the first chapter of the book, between the ekctcon 
and the biological theory of evolution, between chemistry and thec^omf;* 
We can realise the catholicity of this introductory essay by taking a succesnM 
of substantives requiring capitals wherever they occur—-Ether. Hatter# 
Oxygen. Calcium. Protoplasm. Reproduction. Evolution. Creator* 

Next the wonderful story of the periodic table unfolds itsell the tsea^ 
ment is not chronological, but aU the sixnplidty revealed in the light of 
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liortfc of Moselayi Rutborfordt and Aston. The dhapter dealing with matter 
'iffd tm^gy will come as a great surpi^ to newspaper readers, who have bemi 
ts^ght to await, in fear and trembling, the explosion of an atom. It is the 
implosion*' which must be looked to as a possible solution of our fuel 
problems. We learn also of the Christmsus present given to science in 1900 by 
Max Planck, the quantum portmanteau into which so many of our radiation 
troubles fit so readily. Then we reach the work on crystals by which the 
Braggs made the first measurements of the wave-lengths of X-rays. This 
leads us to Bohr's theory, which would be thought to defy quantitative 
treatment in an elementary way; but Sir Oliver successfully performs the 
task by " reconstructing the crime," in discussing the analogies which pro¬ 
bably led Bohr to his theory. This part of the book will be useful not only 
to the general reader but to physic students, since it will save them from 
bei^, in this part of the subject at any rate, mere reproducers of equations. 

The book's conclusion is on a note of praise and hope; perhaps only 
because every age has called itself a dawn. Perhaps, as Sir Oliver suggests, 
some Newton will arise and put our house in order by reducing the num^r of 
our postulates, llie sceptics are wondering if we shall next reach the 
planetary electron and the vortex quantum, and if this will be any advance 
except in plausibility. 

Although the book seems unnecessarily expensive, it is a valuable con¬ 
tribution to the gaiety of scientists and to the edification of the general 
public. J. H. S. 


the llniotiire ol Crystals. By Ralph W. G. Wyckopf. American Chemical 
^ Society Monograph Series. [Pp. 462, with 213 figures.] (New York: 

The Chemical Catalog Co., 1924. Price 6 dollars.) 

Although this volume appears in a series devoted to chemistry, ft will be 
readable only to a small class of chemists, those who are already familiar 
not only with the morphology of crystals but also with the theory of space 
poups. It is true ^at Chapter I, on " The Symmetry Characteristics of 
Oystals," is intended as an introduction to descriptive and mathematical 
cryetallography, but it is far too condensed to be of any use to the beginner. 

Chapter II is a very concise and comprehensive account of the properties 
of X-rays which are relevant to their employment in crystallography. 
Fig. 54, showing the spectrum obtained from tungsten using calcite as a 
** f^ector," gives more information than would have been thought possible 
in a single photograph, for it shows the " quantum edge," the critical absorp¬ 
tion limits for silver and bromine, and the L series of tungsten. This figure 
is t3rpfical of more than sixty beautiful photographic reproductions contained 
in ^ book, indicative of the author's splendid technique as well as his 
wisdom in selection. 

In the account of the interaction of X-rays and crystals, the style of the 
fisst chapter again appears, and the circulation of the positions of diffraction 
maxima in treated fat too generally for the reader who takes his cartesians 
sadly. 

The summary on p. 107, which gives the three postulates used in crystal 
•tmeture determination, should be thoroughly absorbed by all interest^ in 
crystaUography, because of the great di&eiilty ol separating pure speculation 
from actual expeximental results in many papers written on this subject, 
Tim final postuUte, that the results of the theory of space groups define all 
tlie equilibrium atomic positions possible for any crystal, is shown to be at 
uManee {cf. Part II of this book), with the results for the ammonium com-^ 
poniids ai^ for cesium didbloroiodide. 

Chapters IV, V, and VI deal with the three methods of determinatiou 
Ul tha oi difEraction maxima, viz. the Lane method, the rotating 

itpitial method, and the powder " method. The graphical processes lor 

n 



350 SCIENCE PROGRESS 

iuterpretaticn of photogn^ittf iniil be Ibund very eeehii and tixneHMvte|» 
especUdly as in oxdinary experimental praotioe we are only conoemed imn 
the identihcation of planes giving a paxticnlar maximum rather than with 
the exact measurement of interfaidal angles. 

The penultimate chapter of the furst part of the book gives the xnethod 
of determining crystal structure from the X-ray data. Wyckofi has taleea 
a great part in the development of this method, which is now very complete 
and final in the present state of our knowledge. However^ the greatest 
advances in this field were made by purely intuitive methods, and there has 
been practically no modification of the earlier results since the creation of the 
more complete instrument. 

The second part of the book gives the results obtained by the X-ray 
examination of crystals. It is interesting to notice that ^ese purely 
geometrical methods have met with great success in organic compounds^ 
whilst the results for relatively simple inorganic salts are often inconclusive; 
this will come as no surprise to the organic chemist. The results obtained 
by diffraction of X-rays by non-crystalline media are as yet not sufficiently 
understood to be of value to the chemist. 

This book is the nK>8t useful yet compiled for workers In this particular 
branch. It will fulfil admirably the duty of a monograph designed to save 
months of searching and reading for beginners in some bramch of research* 

J. H. S. 

tniermsdiate ^ht. By R. A. Houstoun, M.A., Ph.D., D.Sc. [Pp. x 4* 
228, with coloured frontispiece and 162 text figures.] (London: 
Longmans, Green & Co., 1925. Price 6s. net.) 

In this book Dr. Houstoun gives a vepr able and interesting presentation 
of the subject of Light to the Intermediate or First Science Standard of 
various universities. The subject-matter is arranged in nine chapters under 
the headings photometry, reflection, refraction, spherical mirrors, lenses, 
optical instruments, the spectrometer and the spectrum, the eye and colour 
vision, and the nature of light. The treatment throughout is thorough 
and complete, except that possibly one might desire the inclusion and 
explanation of such terms as the '' mean horizontal candle power,for the 
b^efit of those students who will eventually turn their attention to applied 
science. In particular, the chapter on the eye and colour vision is to be 
commended for its remarkable clearness and conciseness, and in the last 
chapter the fundamental experiments on the nature of light and their 
significance are excellently described. The book is very well illustiated> 
and the reproductions of continuous, solar, and sodium spectra in the colonred 
frontiapiece should be of great assistance in impressing upon students the 
essential differences between these several types. Useful examples axe 
given at the end of each chapter, and, in addition, examination questioni 
set by various representative bodies are given at the end of the book. The 
book is eminently suitable for all classes of intermediate students, and one 
cannot but wish it every success. L. F. B« 

A nraafiis on Blsotridty. By F. B* Pidducx. [Second Edition. Ppi 
xiv 4 * 664, with 385 illustrations.] (Cambridge: at the University 
Press, X925. Price aix. net.) 

This Treatise on Electricity has undoubtedly proved itself such a valoablS 
aid to the more advanced students of phj^ics that the appearance of a 
second edition is most welcome. The new edition is by no means a mm 
reprint of the first, for it is evident that a great deal of care has been 
to bring the book thoroughly n]p to date, and to substitute new and impmrved 
figures, wherever possible, for those which appeared in the first 
In particular, the chapters on electric oscillatiDns and electricity ip gaMl 
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ham been rewritten, X-reys are treated In a separate chapter, the section 
on radioactivity has been enlarged by the inclusion of important work of 
tec^t years, and vector analysis has been introduced to lend conciseness 
tb the theory of the electro-magnetic field/* The last chapter is devoted to 
the electrical theory of matter, and, in addition to sections on the origin of 
spectra, Bohr's correspondence principle and the Zeeman and Stark ejects, 
one notes, with pleasure, a clear description of the experiments of Gerlach 
and Stem. The experimental basis of the quantum theory is suitably 
emphasised. The value of the book would undoubtedly be increased by 
the inclusion of more references to original papers; it is hoped that this 
omission may be rectified in a future edition, for the book is likely to remain 
a standard treatise. L. F. B. 

Xi’Origlne Tonrbillonnaira de TAtoms et ses oonseaasnoes. By Jean Varin 
d'Ainvelle. [Pp. 214, with 15 figures.] (Paris: Gauthier Villars, 
1924. Price 15 firs.) 

Although most people are now quite accustomed to thinking of the atom 
as resembling a planetary system, it does not seem evident that any new 
theory of the origin of the stars should lead to a new theory of the evolution 
of the atom. However, this book by M. Varin d’Ainvelle was inspired by 
a theory enunciated by M. Belot in his Essai de Cosmogonie Tourbillonnaire, 
on the formation of the stars. 

The atoms are supposed to bo vortex tubes in the ether, which medium 
it is necessary to endow with viscosity, compressibility, and susceptibility 
to temperature changes. This ether is like a cloud enveloping our universe, 
this cloud itself floating in a sub-ether, a continuous ether possessing fewer 
of the attributes of matter than the first ether. In this first denser ether 
neither homogeneity nor repose exists; across its surface there is continual 
but irregular radiation of heat and energy. These irregularities give rise to 
ether currents in all directions, and the chance encounter of two currents gives 
rise to a series of vortices. These vortices vary in size from worlds to atoms, 
possessing difierent characteristics according to the nature of the currents 
and that of the encounters. 

There are twenty-four chapters which refer to most of the phenomena 
of chemistry and physics, and the more recent theories concerning these. 
The proofs by which these are associated with this new vortex theory are 
somewhat obscure. 

M. Varin d'Ainvelle fully expects that his theory will appear fantastic, 
owing to what he calls man's unconscious antbropocentricity. He fails to 
realise that he is constructing a model, which must stand or fall by its power 
to suggest experimental research. J. H. S. 

haiaam* By F. W. Aston, Sc.D., F.R.S. Second Edition. [Pp, xi -f j8a, 
with 23 figures and 5 plates.] (London: £. Arnold St Co., 1924* 
Price 105 . 6d. net.) 

PnystexsTs and chemists are familiar with the great advances which were 
made in spectroscopy after the improvement of lie grating by Howland, due 
to the increase in resolving power. Dr. Aston has performed a similar work 
in perfecting the mass ray spectrograph with results which are now helping 
ns to uxiravel the intricate mass of spectroscopic data. Not only did 
Dt; Aston perfect the instrument, but nearly all the experimental data at 
our disposal in this field are due to his unaided efiorts. 

A detailed critidom of this work would be almost an impertinence. It 
is hot only a textbook which is indispensable to all students of physics and 
tSsRinistry, but also an inspiration to them and to all research workers. In 
Ibese days of number lugglmg it is refreshing to read an account of solid work 
IP^ wiU kst. ^ J.H,S, 
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fhe FMmdatkni ol (MDoU Ghemlittjr (• lelaotion tA papan teubc 
on Hie aabjeot.) Edited, on behalf of the Colloids Committee of 
the British Association, by Emil Hatschek. [Pp. 172.] (London: 
Ernest Benn, Ltd. 1925. Price iBs, net.) 

This book, which consists of a selection of the early papers of the pionears 
of colloid chemistry, serves to show how firmly established were the founda¬ 
tions of this subject in the nineteenth century. It is evident, from the high 
quality of these reprinted papers, that the work of the preceding centuries 
can scarcely have been negligible. The records of this knowledge are, 
however, widely scattered, and no history of the earlier period has yet been 
written. It is hoped that the Colloids Committee will sec their way clear to 
give us a volume on the work of the preceding centuries. 

A large number of the papers reprinted in the present volume are very 
probably unknown to the majority of chemists. This applies especially 
to the work of Ascherson, Selmi, Sobrero, and Muthmann. The paper by 
Ascherson, in which he describes his discovery of the membranes formed 
between oils and proteins, is written in a manner which belongs to the 
present day, rather than to the nineteenth century. In this paper is made 
what ia perhaps the first clear statement of the phenomena of adsorption. 
The papers by Selmi and Sobrero are translated and republished in this 
volume for the first time. They deal with silver chloride and sulphur sols, 
and '' the pseudo solutions of prussian blue and the influence of salts in 
destroying them.'* 

The other papers are more accessible. These include work by Faraday 
on gold sol, Graham on the properties of silicic acid, Muthmann on silver 
sub-oxide compounds, Bemmelen on the nature of colloids and their water 
content, and Carey Lea on the allotropic forms of silver. 

The volume serves a very useful purpose in making accessible a number 
of interesting papers which will be valuable for the teacher and student alike, 

W. E. G. 

A History of Bleaching. By S. H. Higgins, M.Sc. [Pp. viii + 176, with 
9 illustrations.] (London: Longmans, Green & Co., 1924. Prioe 
los. fid, net.) 

An interesting account of the history of bleaching from the earliest times, 
in which special emphasis is laid on the influence of ohemical inventions on 
the development of the industry. 

The book forms a very valuable contribution to the history of chemical 
industry, especially with regard to the light it throws on the conditions 
under which the industry has grown from small beginnings. The story of 
tire bleaching industry is very probably typical of all our older chexnical 
industries. It provides a good illustration of the slow rate of development 
of a chemical process when large-scale experiments are made by the costly 
metiiod of trial and error. It also shows clearly the parts pkiyed in industry 
by the chemist and the engineer. 

Considerable interest is aroused by the account given of the patent 
litigation in the industry. The Tennant case provides a very gooHl iuuttra- 
tion of the difficulty of protecting chemical processes. 

The difierent periods in the history of bleaching are illustrated by plates 
which add considerably to the value of the book. W. £. G. 

PMsier Conaeil ds Ohimte* Institut International de Chimie Solvay* 
Rappe^ et Discussions sur Cinq Questions d'Actualitie. [Pp. 

33fi, with figures.] (Paris: Gautb&*Villari et Qe, 1925. Ptm 30 
Tbss volume contains the statutes of the Ins^iM inUmaiionai d$ 



REVIEWS 353 

IcHtiidad by M. Ernest Solvay, and a record of the papers read» together 
with the discussions which followed, at the hrst meeting of the Institut in 
xgas. Five problems were discussed at this meeting: (i) Isotopy and Radio* 
activity, three papers being read by Profs. Soddy, Aston, and Perrin and 
Urbain respectively; (2) Molecular Structure and X-rays, by Sir W. H. 

i (3) Molecular Structure and Optical Activity, to which Sir W, 
Pope and Prof. Lowry contributed papers; (4) Valency, a paper by M, 
Mauguin; and (5) Chemical Reactivity, a pa^r by M. Job being read. 

It is to be regretted that the report containing tliese interesting papers 
has been delayed so long before publication. The matter which they 
contain has very largely been published elsewhere since they were read at 
the Solvay Conference. W. E. G* 

A Treatise on Physical Chemistry* A Co-operative Effort by a Croup of 
Physical Chemists. Edited by Hugh S. Taylor, Professor of Physical 
Chemistry, Princeton University, N.J. [Pp., vol. i, xi 4* 603 -h 41 ; 
vol. ii, ix4*62i4*4i» with numerous illustrations.] (London: 
Macmillan & Co., Ltd., 1924. Price 50s. net.) 

This treatise on physical chemistry is the result of the co-operative effort 
of a number of physical chemists who have each written one or more chapters 
on branches of the subject, in which they have special knowledge. On 
account of the subdivision of labour, it has been possible to make a more 
adequate survey of modem ideas than would have been possible had the 
whole book been written by one man. 

The book is addressed primarily to advanced and research students in 
physical chemistry, but the chapters are so graded that the first volume 
contains the more elementary and the second the more advanced aspects 
of the subject. The first volume will be very valuable to teachers of physical 
chemistry, since all branches have been brought up to date by the inclusion 
of recent theoretical and experimental work. Further, it gives opportunities 
for comparing the various methods of teaching physical chemistry at 
present employed in America. The second volume includes more advanced 
work on electro-chemistry, reaction velocity in homogeneous and hetero¬ 
genous systems, quantum theory in physical chemistry, the third law of 
thermodynamics, photo-chemistry, infra-red radiation and chemical reaction, 
colloid chemistry, and radioactivity. The chapters on these subjects are 
excellent summaries of these branches of modern physical chemistiy. The 
space allotted to colloid chemistry is, however, rather small. The chapter 
by Prof. Partington in the first volume on conductance and ionic equilibria 
is e^^cially valuable for its enormous list of references. 

The editor of the book is to be congratulated on the success with which 
he has co-ordinated the work of his contributors. The wealth of recent 
experimental material incorporated in the book make it the most important 
cotrailation on physical chemistry of the present day. 

The book is instructive in that it shows clearly what is now considered 
to be the scope of physical chemistry. It will very probably help to form 
the tradition which determines the lines of demarcation between ph^ical 
^emistry and its sister sciences. The branches of the physical sciencae 
incorporated in this book as branches of physical chemistry, with the 
exception of the last chapter on radioactivity, all bear on tbe group of 
problems concerned with the mechanism, kinetics, and equilibria of chemical 
reactions. In order to deal adequately with these problems, the physical 
chemist borrows widely from the physicist. He cannot afford to ignore any 
physical discoveries which are concerned either directly or indirectly wim 
OlM&ical reactivity. Hence the modem treatise on physical chemistry 
hioniKXtates accounts of tliermodynamtcal theory, the modem theory 
i^pedxa» quantum theory, etc. A$ a result of this development, the 
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subject of physical chemistry is much better balanced than was Ihe osse 
twenty years ago, when one of its branches, the theory of dilute solutions* 
underwent such rapid development. A clearer view of the aims of physical 
chemistry and its relations with other sciences is now attainable. 

The editor of this book gives no clue to the general principles which 
raided him in the choice of the sub-branches of physical science for his book. 
In one respect his choice is open to criticism in that he has not given sufficient 
space to several of those branches of the subject which are of importance to 
the physiologist. The physiologist is interested not only in laws of 
dilute solution and in colloid chemistry, but also in the structure and chemical 
reactivity of organic compounds, both of which are appropriately studied 
under physical chemistry. Our knowledge of physico-organic chemistry 
has not advanced very far, but, in view of its importance for the study of 
vital phenomena, it would be advantageous if attention were directed to 
the importance of the problem in treatises in physical chemistry. The 
subject could readily have been developed under the headings of the rela¬ 
tionship between physical properties and chemical constitution of organic 
compounds, molecular emission and absorption spectra, etc. 

The book will be of most value to those students who have already 
attended an elementary course of physical chemistry, and as a work of 
reference. W. E. G. 

Modem Inorgaaio Chemistry* By J. W. Mellor, D.Sc. [Pp. xx + 1105* 
illus^atcd. New Edition.] (London: Longmans, Green & Cq.* 
1925. Price 12s. 6 d, net.) 

Dr. Mellor is a convinced believer in chemistry as a subject for introducing 
pupils to scientific methods, as he makes clear in an interesting preface to the 
new edition of his textbook. Certainly, any student who succeeds in ab¬ 
sorbing the contents of this book need fear no examination in inorganic 
chemistry and, if he has done a corresponding amount of laboratory work, 
will have had a grounding in the meth^s of science which will stand him 
in good stead later on, in whatever calling he may take up. 

The general arrangement of the work remains the same as before, but the 
volume now consists of i ,123 pages as compared with 930 pages of the previous 
edition, although the price has not been altered. 

There are one or two unfortunate errors, such as the repetition of the now 
inaccurate '' displacement rule *' on p. 1032, which is no longer held in that 
form by its proposer or by anyone else; insufficient attention is paid to 
Moseley's pioneer work on atomic structures and numbers; but apart from such 
faults as these the book is to be recommended to all teachers and students 
of inorganic chemistry. F. A. Masoh. 

Hie Anttiooyanin Pigments of Plants. By Muriel Wheldale Onslow, M.A. 
Second edition. [Pp. vi + 314.] (Cambridge: The University 
1925. Price 21S. net.) 

Trb amount of work which has been expended upon the anthocyanin 
ments, both from the chemical and biological points of view, is so ptodigibus 
that it is becoming increasingly difficult to keep abreast of the literature, 
and it is for this reason that a second edition of this valuable work will 
be welcomed both by chemists and botanists. The present edition does not 
differ materially in arrangement or size from the previous one; by a process 
of condensation some space has been saved, making it possible to devote 
a further fourteen pages to the bibliography, which now extends to ninety-two 
pages; the excellent practice of attaching a brief abstract of the contents 
of each of the papers quoted in the bibtiography is one which we shoi^ 
like to see more generally adopted. A perusal of this book cannot iail 
to impress the reader with the compleadty of the problems confrontbii 
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HbMp who would attempt to unravel biological t^enomena; it is one 'diing 
tojeolatoifrom the plant a complex substance and to establish its constitutioii 
by analyids and synthesis, but it is quite a difEerent matter to explain how, 
and from what, it is formed in the plant, or what its function is; to all 
these questions a number of diametrically opposed answers can be odered, 
and, af^ reviewing all the evidence, one is reluctantly forced to the con- 
clns^n that no definite inference can be drawn; this, at any rate, is the 
attitude wisely adopted by the author in her careful and impartial summary 
of the various aspects of the subject. P. H. 

CSiemistry to the Time of Dalton.* By E. J. Holmyard. Volume III of 
Chapters in the History of Science. [Pp. 125, and illustrations.] 
(Oxford University Press. Price 2s, 6d. net.) 

Onb of the results of the modem tendency to humanise the teaching of 
science is an increased interest in the historical aspect of the study of each 
branch of the subject. The volume before us is a very readable account of 
the earlier history of chemistry and its forerunners. It is well that students 
of science, the experimenters and investigators of the future, should learn the 
need to combine width of view with the concentration and narrowness of 
scope imposed upon scientific workers of to-day. No study shows the need 
to avoid too fixed an idea more than that of the history of chemistry up to 
the time of Dalton. W. C. B. 

The Oonstltnents of Coal Tar. By Percy E. Spielmann, Ph.D., B.Sc., 
F.I.C. (Monographs on Industrial Chemistry.) (Pp. xii 219, with 
two folding charts.] (London, 1924, Longmans, Green & Co. Price 
1 25 . 6 d, net.) 

BHttmlnoas Snbstanoes. By P. E. Spielmann, Ph.D., B.Sc., F.I.C., with 
a foreword by J. Kewi-ey. [Pp. xvi + 206, illustrated.] (London, 
1925, £. Benn. Ltd. Price155.net.) 

(x) Dr. Spielmann has chosen a very suitable moment to produce his two 
books, as it is just a century ago that Michael Faraday isolated for the first 
^ne his bicarburet of hydrogen '* which we now know as benzene and so 
Initiated the long and triumphant period of progress in research and discovery 
which has enriched aromatic chemistry during the past 100 years. 

It is indeed a far cry from the isolation of benzene in quantity from coal 
tar by Mansfield to the present day, when nearly a hundred separate com¬ 
ponents have been isolated from tar, about a dozen of them being common 
commercial substances. 

The book is divided into five parts dealing with coal tar and its formation, 
the hydrocarbons, oxygen compounds, sulphur compounds, and nitrogen 
oomtx>und8. In addition, deta^ are given for the analysis of benzoles 
toluoles by means of two accompanying charts. 

Owing to the large number of substances dealt with and the necessity 
lor compression, the information is at times a little lacking in clarity; thus* 
nsder Diphenyl is given '* Use: for benzidine dyes ; true, the hydro¬ 
carbon is &e theoretical mother substance of benzidine, but it is certainly 
never used technically for the preparation of the base; again, phenanthrene 
is not used in the production of Flavinduline O though the phenanthrene 
iloelaton is probably present in the structure of the dye. 

Qiemists, however, who have to deal with coal tar products will be grateful 
to Dr. Spielmann for having summarised the available information on the 
•ubltot. 

, Aaphalt, or bitumen, is one of the oldest known products derived from 

cruae petroleum, but only in recent years has it developed in importance 
to its vtdue to the coustincticm of roads suitable for motor traffic. 
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Practice has in this case ontrun theoiy, lor, as Dr. ^delmaim poialn out, 
it is the least understood product of crude peto>leum fnm the chezhicat pohit 
of view, and the author has performed a useful service in bringing togkher 
what is known of the chemistry of the bitumens, and has endeavoured to 
correlate as far as possible their chemical composition with their ph3idca) 
behaviour and propcaiies. A useful section deals also with the actual physical 
and chemical tests, so that the book should be of real value to those who have 
to deal with the substances of the asphalt class. F. A. M. 

OSOLOGT 

Iha Face ot the Earth (Du AntUts der Erde). Vol. v, Indexes and Maps. 
By E Suess. Translated by Hertha B. S. Sollas. under the direction 
of W. J. Sollas. [Pp. 170, with 6 maps.] (Oxford : The Clarendon 
Press, 1924. Price 15s. net.) 

This book contains the indexes and certain of the maps appertaining to 
the English translation of Suess's monumental work, which has been executed 
by Miss Hertha Sollas under the direction of Prof. W. J. Sollas, and appeared 
in four volumes about fifteen years ago. The belated appearance of the 
index is due chiefly to the War. It is not a translation of the original German 
index, which was found to be very inadequate, but an entirely new com¬ 
pilation from the English translation. The delay had one fortunate result, 
however, as the late Prof. Suess was enabled to enrich the volume with 
some new diagrams from his own pen. Eleven pages at the beginning are 
occupied by an explanation of the three principal maps. In general, the work 
has been well done. Considering the world-wide scope of Suess's work it 
is not surprising that some of the geographical names are misspelt, and 
that the orthography docs not conform to any one scheme; we notice, however, 
that alternative renderings of some names are given. There are one or two 
bad misprints in the maps. To Prof. Sollas and Miss Sollas are due congra¬ 
tulations and thanks on the completion of their great and useful task* 

G. W. T, 

Baudbook of the Geology of Ireltiid. By G. A. J. Cole, D.Sc., F.R.S., and 
T. Hallissy, B.A. [Pp. viii -f 82, with 7 illustrations and a map.] 
(London: T. Murby A Co., 1924. Price 8s. 6d, net.) 

This volume is based on the late Prof. G. A. J. Cole's contributions to that 
part of the Handbuch dev Regionalen Gcologie which dealt with Great Dritain, 
published in Heidelberg some years ago. The copyright has now been 
purchased from the German publishers, and a revised coition in two volumes 
is to be issued, of which we have the first before us. Mr. T. Hallissy, of the 
Geological Survey of Ireland, was associated with Prof. Cole as joint author. 
The book is divided into five sections ; the first deals with the morphology, 
the second, and by far the longest, treats of the stratigraphy and lithology 
of each formation in turn. Then come sections on general geological history, 
the orographic elements, and economic geology. I^f. Cole's influence is 
seen in the retention of the term Gotlandian for Silurian, a usage in which 
he was practically alone in this country. A statement concerning Oldhamia 
radiata and antiqua (p. 9) is rather ambi^ously worded, and leaves 
reader in doubt as to whether these marlungs are regarded as organic or 
inorganic. The boulder bed of the Irish Dalradian, probably on the same 
horizon as that of the Scottish Highlands, is tentatively assigned a glacial 
origin, as has also been done recently by Mr. £. M. Anderson, lor the 
Schichallion boulder bed of Perthshire. The lake theory is apparetrtty 
favoured for the origin of the Old Bed Sandstone, although " tenegtlilil 
talus " is s^d to occur (p. 51). The only mistake we have been able to 
find in this welbpiinted and weH-produoed work is in the geok>gical 



REVIEWS 357 

whbsh as a frontispieoe, ishere the Mull of Kintyre is labelled as 

Axxan. This book will remain for a long time as the most compr^eashre 
and yet xanciae account of the geology of Ireland. G. W. T. 

soTurr 

Plant Farms and their Evolution in Sonth Africa. By J. W. Bbws« MA.« 

D.Sc., Professor of Botany in the Natal University College. [Pp. 

199, with map and 31 text-illustrations.] (London: Longmans, 

Green & Co., 1925. IVice i2r. 6 d. net.) 

This volume treats of the flora of South Africa in such a way as to make it 
contribute to the general subject of plant geography. It also uses the infor* 
mation available as to the distribution and probable sources of the South 
African flora to trace the ecological history of the vegetation. 

The flora of South Africa is divided into two distinct elements, the tropical* 
subtropical, and the temperate. The former is regarded as having migrated 
from the tropica north of this area. There is a dry area in the centre and 
west of South Africa, which constitutes a barrier, so that the southward 
invasion is supposed to have been by way of the Eastern side of the Continent. 
As regards the Temperate flora, it may be stated that there are two views, 
one which regards it as a relict of an Antarctic flora represented also in Australia 
and the extreme southern portion of South America, while the other view 
derives it from the Northern Hemisphere. Professor Bewa is of the opinion 
that this flora is of a mixed nature, having received contributions from both 
sources. The various systems of classifying plant forms are then discussed, 
and the author points out that they depend chiefly on the principles enun¬ 
ciated by Drude: (1) “ therdleplay^ by the particular species in vegetation, 
and (2) its life-history, under conditions prevailing in its habitat, with special 
reference to duration, protection, and propagation." The evolutionary 
arrangement of such growth-forms has not yet been attempted, except for 
the b^^nning made by Sinnott and Bailey, who hold that the herbaceous 
forms nave been derived from woody types. This view is accepted by 
Professor Bews, who furthermore expresses the opinion that the primitive 
tree was sparingly branched and with large undivided leaves, the more 
important evolutionary tendencies being reduction in size, increase of 
branching, compound leaves, thorn development, succulence, deciduous leaves 
and xerophytism, etc. Climbing plants, epiphytes, parasites, herbaceous 
undergrowth, and aquatics are consider^ as derivative, and the annual 
is regarded as one of the most recent tyipes. Evidence for these views is 
brought forward from the study of the South African flora. It is held that 
.moist tropical forests, stream banks and swamps, the sea-shore, and possibly 
mountain regions are type^ of plant habitat which have remained rdatively 
constant from Cretaceous times and it has been found that the more primitive 
growth forms are more common in these older areas than in the more recent 
formations. These view-points add to the interest of the description of the 
types of vegetation met i^rith in South Africa, and the ideas put forward as to 
me evplution of growth-forms generally constitute a basis for future work on 
the subject. E. M« C. 

CBootOgy of Pluto. By Prof. E. Warming. Second Impression. [Pp. xi+42a.] 

(London: Oxford University Press, 1925. Price 155. net.) 

The (Ecology of Plants, by the late Prof. Warming, based on his Planie*^ 
s^fund, was first published by the Oxford Press In 1909, at a time 
when the literature of Epology was even more limited than now. From 
the outset the work was recognised as an essential part of the equipmut 
Uf itndents in this field, a position which it still maintains, despite the great 
fsogrtohin ecology whi^ the last sixteen years have witnesMd. 
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The subject-matter, which is mainly syneodbgical, is too lamlliy to hoed 
enumeration, although the work has for some time been out of joint* Zn 
rendering this work once more available to the rapidly increasing number 
of students of ecology, the Oxford Press has laid all botanists under an 
obligation. 

fte present impmssion is an excellent facsimile reproduction of the 
original, from which it only difiers in the slightly thicker paper upon which 
It is printed* E. J. S. 

Plants and Man. By Prof. F. O. Bower, Sc.D., F.R.S. [Pp. xii + 365, 
with frontispiece and 148 figures.] (London; Macmillan & Co., 
1925. Price 14s, net.) 

This book is based on a aeries of essays that appeared in The Glasgow Herald 
in 1924, and is a popular exposition of various aspects of the Vegetable 
Kmgdom, more or less related to man's needs and activities. 

The description is necessarily general in character, and, if somewhat 
inconsequent, will attract the gener^ reader from the variety of the subject*^ 
matter and the diversity of treatment. 

The earUer chapters, which describe the organisation of the plant body, 
serve as an introduction to the subsequent essays on vegetable foods, timbers, 
textil^, etc. Various habitats are lightly touched upon, from the com¬ 
paratively wild moorland to the almost entirely sophisticated vegetation 
of ^e flower and kitchen gardens. Other chapters deal with fruits, cereal 
grains, bacteria, and other subjects less clearly connected with man, such as 
mycorhiza, fungal parasitism, etc. 

There are a few minor inaccuracies, such as the statement on p. 84 that 
much of the forest clearing in Britain was due to the requirements of ship¬ 
building, and the implication on p. 74 that the hedgerow elm commonly 
produces seedlings in this country. 

Every author is entitled to his own opinion as to what he should, or 
should not, include, having regard to the exigencies of space; but we venture 
to think that the non-tedmical reader would derive more profit from the 
perusal of these pages had space been devoted to the explanation of familiar 
phenomena such as the cause of “ warping/' the " knots'' in timber or the 
rdle of bacteria in sewage disposal, rather than to descriptions, too brief 
to be of real value, of the wood used in the construction of a violin or the 
reproductive processes of flagellates. Whatever opinion we may, however, 
hold regarding the choice of matter, the manner of presentation is such as 
should appeal to all readers. E. J. S* 

Xlie Bomeiioe the Fungiis World. By R. T. Rolfe and F. W. Rolfii. 
(I^. XX + 309, with 85 figures.] (London: Chapman 4 Halit 
X925. Price 125 . 6d , net.) 

The volume before us is a popular account of the fungi, in which the authm 
have presented, in an interesting manner, both the legendary and real char¬ 
acteristics of the group. The former aspect introduces us to the poetry, 
actual and metaphqric^, of the fairy rings where " twilight fairies tzead the 
circled green," and the references to the group in fiction which p^haps 
best illustrate the prevailing conception of these organisms. 

To the general public the word "fungus" connotes something whii^ ii 
either a delectable dish or a dangerous poison; but those who have expatiated 
on the latter are under suspicion of having hoped to increase thw diai^ 
of the former. Nowadays, with the growing interest in mycology, a compare* 
tively largo number of people are prepared to accept that the musmcoom 
is not alone edible amongst British fungi, and that a large proportion of 
the toadstools are not poisonous, though it must be admitted that few wHI 
be found willing to put their eatightenment to the practiced 
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belief^ mimtioned by Pliny, that the poisonous species can be distinguish^ 
from the ^edible by their colour, still persists even to*day, and Is of course 
as imreliftble a test as the effect of the fungus on a silver spoon or the ease 
with whi^h the skin can be removed from the cap. 

Since so little is generally known regarding the gastronomic qualities 
of most of the group it is scarcely surprising &at in other respects myths 
and superstitions largely occupy the place of any real understanding, and 
these pages should do much to awaken interest in a rather neglected feature 
of the country-side and to provide information that will add to the enjoyment 
of autumn rambles. 

The real nature of the fungi is first introduced by a brief account of 
their structure and characteristics, and a sununary of the features of the 
chief subdivisions, not, we regret to say, entirely free from unexplained 
technicalities. 

The importance of fungi is brought home to the reader in the chapters 
devoted to the damage which these organisms cause and their uses. Sudi 
important crop diseases as the potato blight, the wheat-rust, and the vine 
disease are responsible for losses amounting annually to many millions 
of pounds, and it has been estimated that the total annual loss throughout 
the world due to parasitic fungi alone is between 150 and 300 million pounds. 
The uses of fungi are varied and numerous, and, in addition to their familiar 
employment as food, play an indispensable r 61 c in the production of 
alcoholic beverages and vinegar. These and minor uses are dealt with, 
and in the chapter on fungi as food some striking data are furnished, showing 
that thirty-one species were sold in the market of Munich in 1901, aggregating 
a total of 1,850,000 lb. The mode of culture of mushrooms on a commercial 
scale is described, with photographs of the underground beds at Corsham 
in Wiltshire, where as much as 4-5 cwt. are gathered in a day. Other 
cultivated species are the Morel and Truffle in France, a species of Jew's-ear 
in China, and the enormous industry in Amillaria shiitake and A, edodes in 
Japan, the crops of which attain an annual value of over one hundred and 
fifty thousand pounds. 

Other chapters describe the more important poisonous species, and some 
of the curious phenomena connected with fungi, such as their rapidity of 
growth, luminosity, etc. 

The book is well illustrated by a number of excellent photographs from 
the camera of Mr. A. £. Peck, and should do much towards achieving its 
expressed object of increasing interest in these plants. £. J. S. 

loa&ooT 

Ottflhiai of General ZkKdogy. By H. H. Newman. [Pp. xvi -f 480, with 
Z79 illustrationa.] (New York: The Macmillan Company, 1924. 
Price z6s. net.) 

Ik the days of Huxley, when zoological syllabuses first began to take shape, 
it was natural that systematics should form the backbone of courses in 
aoology, for in those days comparative anatomy and zoology were practically 
synon3rmous. £ven so, Huxley himself, in The Crayfish, pointed the way to 
a more general presentation of the subject. More than half a century has 
passed since then, and many new branches of zoological science have not 
only arisen, but established important principles, and yet, if we compare the 
syllabtises of most of our universities to-day with those of fifty years ago, we 
md these changes very poorly represented. By far the largest part cl the 
study’s time is still occupied with the arid details of comparative anatomy 
mi dassificatum, and such topics as experimental embryology, cytology, 
Sfid animal behaviour, which have such important bearings on the g&nt^ 
of XdcAogy, and are therefore of much greater cultural value, ate 
iNfuatl^ lelegatad to a email part of the curriculum. Instead of taking its 
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proper place In alignment witiii tiieiieiferdevebpn^ oonqpatativpamtoiiiy 
ettlf occupies alnu^ as much time as it formerly did. 

Judging from the preface to Professor Newman's OutHms of 
Zoology, this question has received much more attention in Amdrioai and 
his b^k represents an attempt to give due weight to all aspects of the subject, 
based upon over twenty 3reara of teaching experience. The reaction against 
tiie old type method " has. in America, resulted in a tendency to present 
principles with an insufficient basis of facts, and Professor Neuunan has 
endeavoured to arrive at a mean between these two extremes. 

This book is divided into four parts. The first introduces the subject 
as presenting a series of problems, instead of following the more usual metimd 
of detailing a list of unconnected -ologies. ** This is a most admirat^e feature 
which chmcterises the whole book, and presents a great contrast to the 
dogmatic didactic method of most elementary textbooks. The pzoblem of 
hie in general, and of tiie unity of the organism, the problems arising out of 
the discovery and study of cells, and the problems of oecology and (fCbsifica^ 
tion. are all reviewed in an elementary and general way. Part II dealt 
systematically with a series of the usual invertebrate types, and Part III 
is devoted to the morphology and physiology of the frc^ as a type of a verte* 
hrated animal. 

Part IV. which occupies about a third of the book, returns again to 
general principles and discusses in more detail some of the problems of Part 1 
in the light of what has been learnt from the types. The first four chapters 
of this part are devoted to Modes of Reproduction, the Germ-cell Cycle. Sex 
and Genetics ; the next three deal with (Ecology. Adaptation, the ** Web of 
Life/' and Geographical Distribution, and the book concludes with three 
chapters on the Doctrine of Evolution. 

£ver3^ne who wishes to see the teaching of zoology freed from dogmatism 
ud the mind of the student liberated from the deadly weight of too much 
83nitemati£s. will welcome this new and original b^k. Freedom from 
dogmatism means that the student can not only be taught scientific facts 
but (which is perhaps more important) scientific method ; putting systematica 
in its proper perspective in relation to principles means that memory wiU 
not be allowed to usurp the place of thought. J. H. W, 

British Birds* By Archibald Tborbum. F.Z. 5 . Vol. I. [Pp. xii 4-17$, 
with 48 plates in colour.] (London: Longmans. Green & Co., X9S5« 
Price i6s. net.) 

This is a new and small edition, in four demy 8vo volumes of the author's 
earlier work of similar title. The text has been revised and partially re* 
written ; the illustrations are entirely new. The whole work, when complete, 
maijide purchased for three guineas or each volume separately at i6i. net. 

text is slight but very readable, and contains a good deal of general 
information. The pktes are wholly delightful. Except for a few xaritiesi 
all the birds of the British list are ^^red. There is no doubt that the work 
is the best money's worth that has yet been put on the market of iUustrated 
British bird books. Compared with the earlier edition, the birds aia leM 
brilliant, which to our mind is an improvement. The colour rendetic^ of 
the repi^uctions are remarkably faithful, although a few of the pxjntif 
e.g. plates 6 and 29. are slightly ** fuzzy." It seems superfluous to coomiaiit 
on incomparable beauty of the partings, but. in case their remarimbly 
cheap price should be conwered a reflection on work, let us say thflt, 
in npito of the small rise and consequent lack of elaboration, we prefix ecpKfl 
of the individual plates to anything Mr. Tborbum has yet published. And 
we can surely pay them no higher tribute. 

But we have one eerioue quarM eritii our author in the retention Of 
the nomendatuie of Howard Sundem's Mamual cf BriHsh Birds. In iiiim of 
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iSm tevi^oo ol tbo teart, this is surprising. Since tiie publicatkm of Us 
fost ediwn, not only bas the issued a list of Britisn birds emplo3ring 

aH the results of recent work on nomenclature, but Witherby’s PraUieal 
Han^oh of British Birds has also appeared. With the exception of a few 
generic names, the nomenclature herein employed is identical with that 
of ihe B.O.XJ. list. The Handbook, together with Thorbium's present 
edition, were modem nomenclature used, would have put at the disposal 
of ornithologists the completest, cheapest and best British bird library of 
seven volumes that has ever been available. Most of the names used by 
Saunders have seen their day, and should be honourably buried. It is a 
matter of regret that they should be deliberately perpetuated in any modem 
work, but more particularly in the case of one that is assured of as wide a 
sale as Mr. Thorbum's most certainly is. One could hardly expect an 
amateur, unfamiliar with the intricacies of nomenclature, to guess that 
Thorbum’s Black-throated Wheatear, Saxicola occidentalis (plate 6) is the 
same thing as Witherby's (or the B.O.U.'s) Eastern Black-eared Wheatear, 
CEanthe hispanica hispanica. The benefits that he might have reaped from 
uniformity will not be his. 

We should like to suggest, if it is in any way feasible, that in the three 
volumes yet to appear the nomenclature be modernised, and a list of 
synonyms referring back to volume i be included in volume ii. By pur¬ 
chasing the two works students can then use this beautiful Thorbum directly 
with the Practical Handbook^ a combination of the best of evexything that 
cannot be equalled. 

BMs of America. In three volumes (Nature Lovers* Library), with numerous 
photographic, black-and-white, and coloured illustrations. Editor* 
m-Chief, T. Gilbert Pearson. (New York; The University Society 
Inc., 1923, Price I16.60.) 

Tbbsb books are the conjoint work of numerous well-known American 
ornithologists, under the editorship of Mr. T. Gilbert Pearson, President of 
the National Association of Audubon Societies. Pagination of the three 
volumes is not continuous, each having some 270 pages with many illus* 
trationB. The majority of black-and-white drawings are by R. I. Brasher, 
and the colour plates, numbering 106, by Fuertes. The latter, however, 
were not especially drawn for the present work, having previously appeared 
in £aton*s Birds of New York, 

This is essentially a popular bird book, and should serve its purpose 
admirably. The majority of American birds are considered, most of the 
omissions being apparenliy gpecies that do not mimte commonly through 
the States, white-billed Northern diver, short-buled gull, etc. The more 
clearly defined sub-species of the States and Southern Canada receive due 
attention. Since more than a thousand birds are dealt with, treatment is 
necessarily brief. For each species the best-known popular names are 
first enumerated, when a general description, a full colour description, an 
account of the nest and eggs, and, finally, distribution, are given in condensed 
form. These are followed by short notes on habits, song, economic status 
and so on in larger type. 

'The iUustrarions by Brasher vary considerably in quality, but the 
majority are good. Fuertes* birds, as always, are remarkable for their 
chumurter, but his plates lack the finish and technical polish of Brooks or 
Thoibum. They are well reproduced, and as illustrations for a descriptive 
werik are excellent. 

As a general work on American birds for amateur omithologistB we can 
oommend the Birds of America. 

W, R, 
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A&itooif and FIbndoloif ol Qia Booty Boe. 13fy R. E. SKbDoaits, 

XV -f 327, with X08 figures,] (I^ndon: mGraw-Hill Pnbliwog 
1925. Price 17s. 6d. not.) 

The author of this book has had a wide experience of Bee Culture dfidng hie 
o^Bicial connection with the Bureau of Entomology, U.S.A., and the Bullstifi 
dealing with bis investigations on the Anatomy of the Honey Bee^ published 
in 1910, is well known to Entomologists. The present volume, intended 
originally as a revision of that bulletin, has been considerably extended to 
embrace the more recent views on the physiology, behaviour, and embryology 
of the bee. It is a scientific treatise of importance, not only to the entomo& 
gist but to everyone interested in the science of Bee-keeping. We do not 
think, however, considering the detailed anatomical descriptions and the 
numerous technical terms used in the text, that it will appeal to the general 
practical bee-kee^r. In view of the high standard of the work from thS 
entomological point of view and the information which it contains, the general 
introductory paragraphs to certain chapters appear to be somewhat weak« 

PP- II. 108. 

The chapters on the physiology of digestion and respiration afford the 
reader an interesting survey of the present state of our toowledge on these 
questions. 

The volume is well produced, and the absence of typographical errors 
indicates careful proof-reading. 

The author has a good style and writes with clearness and precision, and the 
excellent figures are evidence of his skill as an artist. 

James Davidson. 

MBBXCZBS 

Belnvenation by Orafting. By Dr. Serge Voronoff. Translation edited 
by Fred. F. Imianitopf, B.A. [Pp. 224, with 38 illustrations.] 
(London: George Allen & Unwin. JWce 155. net.) 

Dr. Voronoff in this book gives a very clear and detailed account of his 
experiments and observations on the effects of testicular grafting. As a 
result of many experiments upon animals Voronoff was convinced that the 
testes, as a whole, exerted a powerful stimulant action upon the body, and that 
in cases where the testes had begun to atrophy or were for any reason not aide 
to exert their normal effect, this influence could be restored to the body by 
suitable grafts. Suitable grafts are those made from the organs of antoials 
of the same species, or, as in the case of chimpanzee grafts into humans, of 
closely allied species; “ foreign grafts disappear rapidly, being soon absorbed. 
It is generally assumed that all grafts will sooner or later be absorbed, though 
in thlB respect it is of interest to record that, using an improved te^nique, 
Voronoff has evidence of gr^ts persisting after several years. He criticisei 
the Steinach method of rejuvenation,** since his observations have led him 
to the view that the interstitial cells alone are not the source of tiie 
stimulating action which is, in his opinion, the function of the whole gland. 

In this book are collected the observations of his widely discussed method 
on his cases, now some fifty-three in number, papers by colleagues as to the 
fate of the grafts and as to the precise surgical technique. The result;# 
claimed in many cases are remarkable, and are evidently worthy of serious 
attention; but more cases must be investigated, and over longer periods, 
before it is possible truly to estimate the value of this method of treatment* 
In any case, this work gives exceedingly useful information of great practical 
value on the technique of grafts. W. C. Culub, 

Xnteniil Seoretton and the Dnottesi dlands. By Swale Vincent, 

D.Sc., M,D„ M.R.C.S., L.R.C.P., F.R.S. (Edin.), F.Z.S. ppp* 4* 
463,] (London: Edward Anmld d Co.^ Price 33#. net*) 

In this third edition of Professor Swale Vincent's book we recognise 
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Appvadato thft i^pUcatioa of the author's keen critical faculty to the 
etiidy of the problems of the internal secretions of the body. No function of 
the IXKly has appealed more to the popular imagination than this of the duct¬ 
less glands, which truly is wonderful enough to justify that appeal. This 
popular interest has, however, led to the wide support of a number of unjusti¬ 
fiable claims, and we welcome, therefore, all the more warmly this appraisement 
of present knowledge of the subject by one who, having worked considerably 
in this field, demands for his own work and for that of others that it shall be 
supported by unequivocal evidence before being accepted. 

It is satisfactory to note that in this new edition, in response to numerous 
requests, a selected bibliography, which was omitted from the second edition, 
has again been included. The book has been brought thoroughly up to date, 
whidi is no light task, having regard to the volume of matter which appears 
each year on the subject, and which needs so much knowledge and discrimina¬ 
tion in its selection. The chapter on the pancreas, in view of the new work on 
insulin, has been considerably enlarged, as has also the one on the reproductive 
organs, which includes consideration of the work of Steinach and Voronofi* 
In the section on diabetes attention is rightly drawn to the importance of 
dieting, an essential aspect of treatment wtdeh, in the first flush of en¬ 
thusiasm roused by the work of the Toronto School, was in danger of being 
neglected. Clearly it is in the best interests of the patient that a treatment 
wMch involves daily injections continuing over prolonged periods, perhaps 
for a whole lifetime, should only be resorted to when all other methods are 
shown to be of no avail. The final chapter on organ-therapy is again a 
timely one. demanding more precise and more controlled modes of study of 
this form of medication before its value, and still more its extent of application, 
can be regarded as established. This is the more necessary in view of the 
discrepancy between the results which it is claimed follow the therapeutic 
administration of various tissue preparations and those obtained wilii the 
same materials under the control!^ conditions of laboratory investigations. 

W. C. CULUS. 

A Tsortbook of Physiology. By H. £. Roap, M.D., D.Sc., M.R.C.S., 
L.R.C.P. [Pp. viii + 605, Mrith 318 figures.] (London: Edward 
Arnold & Co., 1924. Price 25s. net.) 

PaoFBSSOK Roap's Textbook of Physiology is one which arouses interest 
from the moment of reading its preface and contents page, where it is at once 
seen that he has departed from the usual order of dealing with the different 
functions of the body. He has made new and unusual combinations and 
considers the subject as a whole as separating itself into four main divisions. 
In the first part he deals with the mechanical aspects, and in this he includes 
a consideration of the skeleton, the action of the muscles, of the mechanism 
of the circulation, and finally of cellular mechanics. In his second part he 
discusses the chemical aspects of the body's functions, including und^ this 
heading a study of the laws of solutions, homogeneous and heterogeneous 
systems, and of the chemistry of the urine, the digestive processes, of respira- 
tkm, and of general metabolism. The third part deals with what are called 
tike n^lative mechanics, and embraces a study of the nervous system, the 
special senses, temperature control, metabolism as a whole, and concludes 
with a chapter on the regulation of the mind. Part four, under the heading of 
the maintenance of the individual and the reproduction of the species, deals 
with nutrition, reaction to environment, heredity, reproduction, and growth. 

Vtxym this short summary the unusual arrangement of the subject-matter 
d a textbook on physiology will be clear. It is as though, in the study of a 
cbnagpUcated but continuous pattern where the vertical lines and di^ons 
have been stressed, a new observer comes and points out that the lines and 
divisions can be equs^ dearly seen running in the horisontal direction^ 
draws attention to the most wonderful aspect of the human body. 
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it9 xadty cat ** onMew/' produced et tMs ia by title cOKirdinetion and 
tion of Its myriad acti^tiSw, is to be weloomed^ and Profeesor Roaf *8 pre i ma * 
tion of the subject helps to a further realisation of this great lOds 

freshness of point of view is one which perhaps will be more appreciated by 
those who have read and studied along the more conventional Inses than by 
the beginner, and the new grouping undoubtedly leads to a certain amount 
of repetition and in some cases even to a lack of clearness. A book, howeveTt 
written in such a way as to allow of the manifestation of an original and forces 
ful point of view cannot fail to be stimulating to those students who choose 
it as their introduction to the study of physiology, and such a one is this new 
textbook by Prof. Roaf. W, C. Cullis, 

An Ihtroftnotton to Baoent ilcl?aiioes in Comparstive Phyakdogy. By 

Lancelot T. Hogben, M.A., D.Sc., F.R.S. (Edin.), and Frank R. 

WiNTON, M.A. [Pp. vii 4 - 242.] (Glasgow: W. Collins, Sons A Co, 

Price 25s. net.) 

This book gives a most fascinating and interesting account of some of fhe 
hndings of the newer and deeper study of biological problems. The older 
type of study, classihcatory as it was in the main, was based largely on the 
observation of visible form; but, necessary as it was, it must be admitted that, 
to the general student of life, it is transcended far in interest by the newer 
and more physiological way of approach. The authors have written a book 
which will interest not only those whose lines of scientihc investigation and 
study have followed paths other than the biological, but will have at least an 
equal appeal to those whose studies have not been in the realms of pure science. 
The list of chapters giving the subjects dealt with in the book, including as 
they do matters such as The Development of the Individual, Behaviour in 
Animals, Hereditary Transmission, and The Material Basis of Inheritance, 
already promise abundant interest, a promise splendidly fulfilled in the actual 
reading. This is a book which should be read by all those—and their number 
is steadily increasing—^who wish to have some knowledge of the fundamental 
facts of biolo^ with their obvious bearing on the understanding of the 
problems of life. The value of the book is enhanced by the fact that the 
authors are themselves workers in the field of biological research. Readers 
will not only gain for themselves much fascinating information, but will 
secure hours of the keenest enjoyment. W. C. Cullis. 

nto Oreit Plague in London in 166S. By Walter George Bell, F.S.A.» 

F.R.A.S, [Pp. X + 374.] (London: John LaUe; New York; 

Dodd, Mead A Company. Price 235. net.) 

Our review of this work, which was first published in 1924, has been unfortu¬ 
nately delayed. Defoe's well-known book was really merely one in which 
the author selected episodes and pictures for the purpose of writing aromance 
and not history. Mr. Bell has set himself quite another task, namely to 
write a correct history. The work ispacked full of information and is tiluar 
trated with many excellent plates. Ine descriptions of old London with ita 
wooden houses, doubtless swarming with rata and enclosing immense accnmn^ 
lations of every kind of filth, gives a picture of insanitation which will be of 
use to all sanitarians. The author, not a medical man, is to be congratu¬ 
lated upon the intelligence, enthusiasm, and labour which he has expended 
upon his task. The statistics are intelligently criticised and summarised; 
and I notice that the curve of mortality given oppc^ite page 238 is precisely 
one of the curvet which are generated by my theoretical equations of epideinics 
published by the Royal Society (A. Vol. 92^ 19^^ end« with Hilda P* Hudson^ 
in A. Vol. 93, X9X7). Mr. Beil has plac^ the medical profession and ixideed 
the world under a debt of gratitude to him for this fine work, which is really 
a most important oontributioii to the history of epldemice and, thesetosei 
to the history of cirilitation, R, Ross* 
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ftHiB »wW0 Oenmitiiig 8«tf. By W. Wilson, M.Sc., B E., MJ.E.E., 
A.Am.I.E.E. [Pp. i6x, with 6o figures.] (London; Ernest Benn, 
1924, Price i8s, net) 


The work embraces the design, arrangement, and application of small self- 
contained generating plants for various purposes. 

The various components of an installation are described in some detail, 
an elementary review of principles being given where desirable, such as the 
“ Electrical Current,'* “ Secondary Batteries," " Two- and Four-stroke 
C5rcles," etc. The general assembly and inter-relation of prime movers, 
generators, switchlx)ards, and starting devices is very fully considered, from 
engineering, installation, and economic points of view. 

In addition to considering the latest developments in fully automatic 
apparatus and the light portable sets for cinema and X-ray work, the author 
has covered all the usual types in use at the present time. In all cases a 
representative installation is described and illustrated as an example. In 
this respect the fact that the products of some fifteen to twenty makers has 
been described is of value. 

The treatment is to a large extent descriptive and well illustrated,and forms 
an adequate summary of present practice. 

Although the technical aspects of design are not given undue prominence 
they arc sufficiently indicated to enable the reader to proceed to a sound 
judgment as to which type to recommend in any particular case. 

A. N. Jackson. 

IsiiDairial Eleotrioity* Part I. By Chester L. Dawes, S.B. [Pp. xiv -f 
371, with 241 figures.] (London: McGraw Hill Publishing Co., 1924* 
Price IIS. 3d. net.) 

In introducing this work the author submits it as being suitable for non- 
collegiate students. This purpose is reflected in the limitation of mathe¬ 
matical and theoretical treatment to a minimum consistent with clearness. 

The initial chapter .on elementary magnetism provides a basis on which 
to build up a sequence of chapters covering electric and magnetic currents, 
batteries, instruments, etc., and concluding with consideration of the prin¬ 
ciples and performance of D.C. motors and generators. In the final chapter 
some space is devoted to automobile lighting sets. This latter item is 
restrict^ to one single system of American origin. 

The general treatment is clear and well presented, each chapter being 
supported by examples, problems, and illustrations, while an index is 
pro'dded. 

A minor disadvantage is the use of American technical terms. 

On the whole, the work forms an adequate link between physics laboratory 
End industrial electricity suitable to the class of student lor whom it is 
intended. A. N. Jackson. 

Bidlo; Beim and Bvoadoiit. Its Story and Patents. By A. H. Morse, 
A.M.I.E.E., M.I.R.E. [Pp. 192, with 29 -K xxx figures and illustra¬ 
tions.] (London; Ernest Benn, 1925. Price 12s, 6<f.) 

is indicated by its title, this book deals mainly with two specific branches 
of radio communication, and is in no sense a general radio textbook. The 
aiithor giv^ not a theoretical or mathematical treatment of the subject, 
but an historical survey of each branch viewed particularly from the aspects 
of ^ patents that have been taken out relating primarily to these branches. 

i, hovieyer, the early evolution of radio is tra^ year by 3reat Up 
tU f r^emioas to the chief patents being given, with extensive extracts 
^ tome cases; Sundry selected patents of later date than 1912 are grouped 

. ^4 
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for consideration in cl>apter ii, white chapta: iii, from a dtecnaainn 
has already been accomplished, suggests possibk future developments* 

Chapter iv is entitled ** The Poulsira Arc/* and the reason for its inclusloii 
is a little hard to find. It seems to serve no particular purpose beyond a 
separation between the essentially historical part of the book and the fe^ 
maining five chapters, which deal with Broadcasting and with Beam Trans** 
mission in particular, and in conjunction therewith the use of the triodle valve 
lor transmission and reception. 

Although this volume was written apparently only a few months ago* 
tiiie author does not appear to be greatiy impressed by the possibilities of 
short-wave communication, either with or without beam '* refiectoxs, lor 
an3rthing beyond short-distanoe signalling at night. No mention is made of 
the improvement in the daylight range of these waves by choice of suitable 
wave-length; nor of the con^uent possibility of the use of this system to 
give a twenty-four-hour service (at various short wave-lengths) even over 
ranges of thousands of miles. 

With regard to Broadcasting, the author chiefly stresses its great educa* 
tional value, and especially also its effect on the pronunciation of the language* 
The possibilities of guided ** broadcast ** or radiophone transmission, with 
very high frequency waves to guide the lower frequency carrier, he exprbsses 
by the following parody: 

So, engineers, observe a wave 
Hath smaller waves that on him ride. 

And these have smaller waves that ride 'em, 

And so proceed ad infinitum. 

Nearly one-half the book consists of an appendix containing full texts and 
extracts from the most important British and United States patents referred 
to in the earlier chapters, while a very useful bibliography of the literature 
relating to these two branches of radio is also given. 

Prhnarily the whole book is a considered survey of the radio patent 
situation, and as such cannot fail to be of value to everyone whose work 
brings him into touch with radio development. Philip R. Courssy. 


Ssotrieal Engineering* By L. A. Hareltine, M.E, [Pp. xvi + 625.] (New 
York: The Macmillan Company, 1924. Price 305. net.) 

Ik placing before the engineering student a general textbook the author 
enters a congested field, justifying him^lf by novelty of treatment. 

Opening with a chapter on ** Fundamental Physical Relations,'* one 
passes through consideration of simple electric properties, electroHitarics# 
magnetism, etc., to alternating currents, transient phenomena, and the 
conductive properties of gases and electrolytes. 

On this sound foundation is built the treatment of instruments, measure* 
ments, and the design of static and rotary apparatus. 

The final chapters complete the syllabus with transmission and distri¬ 
bution, and the modem development of communication. 

At the beginning the text is overloaded with analogies which, however, 
are invariably followed by a sound ma^ematical proof. In general ^bi 6 
work is complete and comprehensive, and is particularly valuaw in titot 
special care has been given to sections of the subject not usua^y exdalfed 
upon in textbooks. Thus chapters on electrostatics, transients, conductiv^ 
in gases, and communication axe very complete and are considered from tto 
engineering point of view as distinct from that of pure physios. 

As a whole the book is well written, adequately illustrated and indwetU 
while a series of representative exercises is incorporated with each idbui|Mr, 

A* N, JaoMfOll* 
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.MUflilt, By Charlat R. UnderliUL [Pp. xiil ^ 468.] London: HcGtaw 
Hill nbliflhing Co*. 1924. Pri^ 20$. net*) 

To treat broadly the general principles of apparatus electromagnetically 
operated and controlled» but pai^cularly to treat electromagnets and per* 
manent magnets in detail/* This object is undoubtedly achieved, although 
the treatment is principally on the heavy engineering side. 

In pursuing his goal the author has neglect^ purely theoretical treatment, 
particularly mathematics, with resulting lack of dearness in statements 
and fundamental definitions. Thus we quote **. . . a direct current shunt 
magnet is allowed time for the continuous voltage to accelerate the electricity 
in the coil. ..." The use of American terms is also noticeable. 

Chapter iv brings us to firmer ground with general considerations of 
design, application, and performance. Subsequent chapters deal with 
Protective Relays, Operation Characteristics, etc., particularly noteworthy 
being those on Solenoids with Plungers, and General Characteristics and 
Approximate Rules. 

Chapter xvi. Magnet Circuits and their Phenomena, is out of sequence, 
and would be better placed before the more practical chapters. 

The consideration of Alternating Current Apparatus is well presented, 
but lack of mathematical treatment is again to ^ regretted. 

In general the volume is carefully compiled, well printed, and illustrated, 
and should prove of service as a book of reference. 

A. N. Jackson. 


MXBOSZiXJLBrSOVB 

Tbs Hataphysioal Foundations of Modem Sdenoe. By Edwin Arthur Burt, 
Ph.D. [Pp. X + 349.] (London: Kegan Paul, Trench, Trubner & Co., 
1925. Price 145. net.) 

It is one of the inevitable consequences of early specialisation in science 
that the abstract implications of scientific method tend to be neglected. 
Centuries ago the whole study of Nature and the Universe was largely virgin 
soil. Science was philosophy, and embraced everything. The student 
of Nature and of natural phenomena brought within his ken a contemplation 
upon animate and inanimate, and upon &e heavens and the earth and the 
waters under the earth. If ^e stream of knowledge was shallow, it was at 
least broad. To-day the position is very much reversed. We hear much 
nowadays of the " man of science "; but let us be frank. The man of science, 
using the term in its broadest sense, is necessarily a rare person. The 
onward march of knowledge has carried us to a stage when the average so- 
called student of science is in fact only a student of one special aspect. He 
Is no longer a philosopher; He is a chemist, or a microscopist, or a bacteriolo- 

e it, or an entomologist, or a botanist, or some other " ist." Too often he 
OWB very little of the many other " ists.** There are, of course, notable 
exceptions—men of science in the true, broad sense of the term, who, with 
their deep, specialised knowledge of one branch or other of the sciences, yet 
have a sufiELciently deep acquaintance with science in general such as equips 
them with ability to cope with those larger and wider problems of knowledge 
which ultimately must link up all the sciences into a generalised whole. 

is not the place for a discussion as to the causes for this state of 
atairs. The facts are definite enough. How many students leave our 
universities to-day, duly graduated in science, without an attempt either on 
the part of themselves or their tutors to have impressed upon them an 
undmtanding of t^ logical basis of the ** scientific mode of uiought ** and 
irf the pcobhm of the evolution of knowledge from abstract conceptkma ? 
Fmitunatfidiy there is some evidence in theefiortsof Karl Pearson, Whitehead, 
and o&ma of an attempt to provide the means for remedying this state 
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of affaim. Tba present volume under review is another inatanoe of thb* 
Prof. Burtt difiers from the other writers in tliis field in that hia problem 
is attacked not from the point of view of a systematised study of scientific 
method, but purely from the historical standpoint of the gradual evolution 
of the Newtonian philosophy from its predecessors. 

In his very readable volume, the author asks the question, “ Why is the 
main stream of modem thought what it is ? He proceeds to develop 
his answer in the light of the evolution of modern physical science. Regard¬ 
ing as the most fundamental possession of an age the ultimate picture it 
forms as to the nature of its world, Prof. Burtt carries us step by step 
through the various stages of the revolution of thought from the mediaeval 
scheme whereby man was in every sense the centre of the universe—so 
that the world of philosophy was expressed in terms of substance, essence, 
matter, form, quality and quantity—to the modern standpoint that " Nature 
holds a more independent, more determinative, and more permanent place 
than Man *'—finding its philosophical expression in terms of space, time, 
mass, energy, and so on. In most interesting fashion we arc carried on 
from Copernicus to Newton, and the metaphysical implications of each 
stage in physical evolution are laid before us. 

The author has accomplished his self-imposed task well, and as a result 
we have a very welcome addition to the well-known International Library 
of Psychology, Philosophy, and Scientific Method series. To those who 
desire to broaden their scientific equipment this historical study can be most 
unreservedly recommended. It will help them to realise that between 
science and philosophy there is not a gulf, but a relationship that all must 
ultiinately face who aspire to the true title of ** man of science." 

I. B. H. 

The Idee ol Wisdom. By Alexander Moszkowski. [Pp. v + 322.] (Lon¬ 
don: George Routledge & Sons, 1924. Price ys. 6 d, net.) 

Several German gentlemen are visited by a rich American and his beautiful 
daughter, who offer to place their yacht at the disposal of the former in order 
to find certain wonderful islands in the Pacific Ocean where civilisation has 
been carried to a high point. They all start out together and reach the pro¬ 
mised lands. They discover that the inhabitants knew all about their coming 
by means of wireless and were ready to afford them full information about' 
themselves. They visit the Platonic Island, the Island of Happy Conditions/ 
the Island of Perversions, the Mechanist Island, the Reactionary Island, 
the Island of Fine Arts, certain " intermediate islands," and others. 
During all these voyages and adventures they talked German philosophy. 
We advise purchase of the book, but doubt whether the Anglo-Saxon wiU do 
much more than skim through the innumerable discussions; though even 
with such perfunctory reading he will find many interesting propositions and 
arguments. But we fear that whatever philosphers may say the world will 
bo conducted on the principles, not of philosophy, but of a very powerful 
lady called Nature. She has probably done the best for us she can and is 
watching with some amusement our petty efforts to escape from her rule. 

R. Ross. 

Problflois of Personality. Stadias Presented to Dr. Horton Prinoe« Pionesir 
in Amarioan Psycbopatbology. Board of Editors, C. MacFie Campbell, 
M.A., B.Sc., M.R.C.P., M.D., and four others. [Pp. xiii -f 434,1 
(London: Kegan Paul, Trench, Trubner A Co., 1925. Price i8s. net») 

A collection of twenty-four essays made in honour of Dr. Morton 
Prince, by distinguished psychologists and medical men, with a bibliography 
of Dr. Pipe's writings. The first essay is by Dr. G. Elliot Smith, F.K.S.,.: 
vrho sumxnarises his Views on the evolution of the human brain. There 
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ftta idjc 6i8ay8 on p0ydioanaly^» pro and con. Many of the contributors 
are well-known workers in the line of psychology. 

Aits tor the Hentbois mH other Instminents. Written by £. N« oa C 
Andrade. [Pp. 68.] (London: Cecil Palmer, 49 Chandos Street, 
W.C.2, 1924. Price 35. 6 d. net.) 

The author of this book is well known and much appreciated on the physical 
side of science, and formerly used to contribute largely to Science Progress. 
He has now fallen (or shall we say risen ?) into writing an excellent little book 
of poems. He calls himself a poet of London, or if that be denied a natural 
philosopher, or if that be not allowed yet (almost as rare a title) one who 
earns hxs living honestly." There is a witty foreword, and all the verses are 
very good. We like best The Little Dance and The Boy and the Birds. Our 
only wonder is that when Science writes poetry she does not write poetry 
more often about her own interests. Anyone can sing regarding flowers, 
butterflies, and maidens. Really the war of science is a great conflict full 
of great episodes, and yet our poets of science (of whom there are not a few, 
including the President of the Royal Society) are generally silent regarding 
this tremendous and novel epic of the gods. R. Ross. 

The Growth ol the Mind. By Prof. K. Koffka. [Pp. xvi -f 383.] (London: 
Kegan Paul, Trench, Trubner <& Co. Price 15s. net.) 

The aim of this work is to expound, chiefly to school teachers, certain of the 
principles of the GestalLTheorie in psychology and their implications in the 
mterpretation of child development. It is therefore of interest to a wide 
circle of child lovers and child students. The author points out that to 
understand a child's behaviour it is necessary not only to study bis reactions 
" from without " in a critical manner, but since every act of behaviour is an 
expression of an individual dependent on his entire constitution, it is necessary 
to attempt to study him " from within." " To understand the child we must 
know his reactions, to understand his reactions we must also know the child." 

The earliest beginnings of consciousness are supposed to be the appearance 
of specifle qualities on an ill-deflned background, such qualities constituting 
the simplest mental configurations. A very young infant appears first of all 
to perceive and pay attention not to simple sensations, but to quite com¬ 
plicated stimuli suc^ as the human voice and the human face. Recognition 
rapidly develops into discrimination, and the child reacts quite differently 
to iai^iar persons and to strangers. Situations are viewed as a whole, so 
that the mental configuration excited by the sight of, say, a stick is quite 
different once a stick has been used to secure some desired end ; from being 
an indifferent object it becomes a potential instrument. Mental development 
is " not the bringing togetheV of separate elements, but the arousal and per¬ 
fection of more and more complicated configurations in which the phenomena 
of consciousness and the functions of the organism go hand in hand." The 
pleasure taken in an achievement operates as an incentive to new achievements. 
This question is considered in relation to experiments on children and animals 
and it one not to be overlooked by any who have to apply mental tests. 
Not only is the co-operation of the subject essential, but for an accurate 
diagnosis the observer must envisage the situation from the standpoint of 
the child's world. 

Special chapters deal with problems of number and language, the author 
agreeing with Stem that the discovery by a child that everything has a name 
is the most important of his life. The section on the " World of a Child " 
(^noold be read by anthropologists as well as teachers. The author joints 
, out that it is Incorrect to speak of a propensity to personification as if children 
firpt had percratlons like our own, and afterwards endow them with Ufa from 
aiudcfy m their own eicperienoe. Children and primitive men pmoehns 
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oartaia tUoigs difierently, tha pdniitim in things whetnlqr 

they are for him perceptually comiected, though we may call the oonneotloiis 
m3r8tical. The development of perception depends upon the total enviroii* 
ment and especially upon the social conditions. The play-world for a child 
for long remains separate from the adult-world, and then is more or leii 
suddenly discarded. F. C. Shrubsall. 

gtuttis In the EQstorj ol Hedlssval Sdenoe. By Charles Homer Hashms. 

[I^. xiv + 4ZZ,] (Oxford University Press, for Harvard University 
Pz^. Price 285. net.) 

The Department of History of the Harvard University is rightly famed for 
its many activities, and some thirty volumes of studies have thus far been 
issued under its asgis. It is an eloquent testimony to the manner in which 
the narrow boundaries of the historical student of past decades have been 
broadened that this present volume by Prof. Charles H. Haskins deals with 
Mediaeval Science. Prof. Haskins is well htted for his task. Historical 
research has already been enriched by his contributions extending over a 
period of many years, and as a general historian of world-movements he 
presents in this volume a viewpoint that brings mediaeval science into 
relationship with the general story of the influence of Eastern culture upon 
Western Europe. In this respect, therefore, Prof. Haskins in no way 
encroaches upon the ground covered by Lynn Tbomdyke in his recent 
zmtable work, recently reviewed in these pages. 

The x>eriod embraced in these studies is that of the twelfth and thirteenth 
centuries. The aim of the author is to contribute materials for the achieve¬ 
ment, yet to come, of a comprehensive history of European science in the 
Middle Ages. This, he points out, must embrace two aspects, namely, the 
recovery and assiznilation of the science of antiquity, and the beginnings of 
observational and experimental science. Towards this end the book opens 
with a review of the Spanish schools of Arabic translation, and of the contri¬ 
butions to mediaeval science of Adelard of Bath, Hermann of Corinthia 

g ot to be confounded with Hermann the Cripple of an earlier period), and 
ugo Sanctallensis. Our author then passes on to a survey of the twelfth- 
oentury writers on Astronomy and Mathematics by whose influence the 
teachings of Aristotle and Ptolemy were spread, and of the work of Robert 
of Chester, Roger of Hereford, and others in spreading the new culture in 
England. We are now carried to the Greek phase of the mediaeval renaissance, 
when direct contact with Greek sources without the intermediary of Arabic 
learning was established. As opening up a field but little explored hitherto, 
chapter vtii is particularly welcome. Here attention is drawn to the forces 
of history, under the Norman regime, that gave such centres as Palermo and 
Salerno their cosmopolitan character, whereby Greek, Latin, and Arabic 
civilisation maintained a harmonious contact. This, together with the 
presence of large libraries, was bound to react favourably towards scholarship, 
and the mazmer of this reaction in producing the Hellenists of the twelfth 
century is ably told. So the book passes on to that fruitful period of adentific 
encouragement at the bands of Frederick II and his astrologer, Mk:haQl Scot 
Professor Haskins’s book is a scholarly work that must inevitably take its 
j^ace among the standard works on medieval studies. It is weU ^tten 
and well px^uced and is completely indexed. We recommend it without 
reserve to all mediasvalists. I, B. H. 

Tk% Meehanloal InveaBgattona (d Leonardo da TTfaioL By Ivor B. Hart» 
B.Sc., Ph.D., etc* [Pp. vii -h 235, with Z36 illustrationtO (London : 
Chapman A HaQ« nice 16$. net) 

No physidsf a library should be withont a copy of this sdiolarly worlt wtdc^ 
from a careful etndy of tim voluminoua notea of Lecmardo da Vinot «• 
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not only aonie measure of bis remarkable genitis, but also a wealth of observa^ 
tkm and material wdl worthy of consideration, especially on the subject of 
flight. Moreover, quito apart from the conclumons at which Leonardo 
amved, his sdentiflc outlook and methods of observation and experiment 
are so essentially modem as to be a standing example for all time. The dimen* 
don of time does not enter into the evaluation of genius. Dr. Hart is to 
be thanked for having made such valuable material so pleasantly accessible 
to English readers. 

W. C, B. 

Identiflo Melhol Its PhfloKq^hical Basis and its Modes of Apiflicatloii. 

By F. W. Westawav, Third edition, with new applications. [Pp. 

xxiv + 436.] (London: Blackie & Son. 1924. Price 105. 6 d, net.) 

Mr. Westaway has attempted the praiseworthy task of writing a general 
introduction to the study of the philosophical and logical problems of scientiflc 
method. Considering complexity and difficulty of the enterprise. Mr. 
Westaway may be congratulated on the measure of success which he has 
achieved. The mere fact that his book is in its third edition shows that it 
has met a real need, and is duly appreciated. 

The volume is divided into five Books, entitled respectively: (i) The 
Philosophy of Scientific Method,*' m. 1-164; (2) ** The Logic of Scientific 
Metliod,'* 165-302 ; (3) ** Famous Men of Science and their Methods,'* 303- 
368; (4) “ ^ientific Method in the Classroom," 369-414; (5) "Further 
Applications," 415-56. The author has his eye mainly on the teacher of 
science and his opportunities of imbuing the rising generation with the spirit of 
science. Mr. Westaway's conception of scientific method, and of the way to 
master it, is one with which most people will agree. " If the young teacher 
desires to master scientific method, he must follow the history of science, 
and see how one faulty method has been superseded by another, which, in 
its turn, has itself been superseded, so difficult has it been to discover the 
principles of the true method; he must learn to get at the exact meaning 
of all his terms; he must learn to eliminate all personal bias from his facts; 
he must ever be on his guard against hasty generalisations; he must ever 
be ready to give up a pet h3rpothesis, once the facts are against him, and he 
must never allow his hypo^eses to masquerade as facts; he must acquire 
a knowledge of inductive reasoning; he must learn to balance probabilities ; 
he must remember that even the b^t conclusions of science are never more 
than in a high degree probable; and he must study the original records of 
successful investigators." Mr. Westaway's book was meant to help in all 
these things. But to attempt all these things in one volume naturally 
nece8d.tated selection, and, therefore, omissions. No wonder that some of the 
most important of modem methods of science are not even mentioned. This 
may appear regrettable in a volume intended to spread the gospel of scientific 
method. But then, it only professes to be a first introduction to the subject. 
More serious perhaps is the possible criticism that the volume includes too 
much. It seems to combine a sketch of the history of philosophy, an inductive 
logic, a history of scientific method, an anthology from the history of science, 
and a guide to scientific pedagogy I Moreover, the method of exposition* 
tibe citmg of pcusages from numerous authors, almost invites the suggestion 
that Mr. westaway has given us his commonplace book, with the favourite 
passages duly arranged and linked together. The beginner may be rather 
embanrassed by such superabundance, and find it hard to see the wood for 
the trees. For the bei^ner, it might have been better if Mr. Westaway had 
lit himseU go rather moie, andhadjgiven a free, uyutemaMc account of Us own 
views on the various subjects, llmevnr, we must be grateful for w|mt he 
has fhwn ne^pmetioafly a sonroe^book on the subject. 

A. Wolf. 
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Le Principe de Syin6trie et sea AppUcations. Par F. M. Jaeger. Traduit 
de TAnglais par Pierre Gerald et Jean Chevrier. Preface de M. Charles 
Moureu. Paris: Gauthier-Villars et Cie, 55 Quai des Grands-Augustins. 
(Pp. 417.) Price 55 frs. 

Memorial les Sciences Math^matiques. Public sous le Patronage de L'Aca- 
dtoie des Sciences de Paris. Fascicule II par G. Valiron, Fascicule III 
par M. Paul Appell. Paris : Gauthier-Villars et Cie, 55 Quai des Grands- 
Augustins, 1925. (Pp. 56 and 74 respectively.) Price 10 frs. each. 

Introduction G^m^trique a la M6canique Rationale. Par Charles Cailler, 
Professeur a TUniversit^ de Geneve. Paris: Gauthier-Villars et Cie, 
55 Quai des Grands-Augustins. 1924. (Pp. xii -f 628.) Price 60 frs. 

Calcul des Probabilit^s. Lemons profess6e8 ^ la Faculty des Sciences de 
Paris. Par M. £mile Borel. R6dig^es par Ren6 Lagrange. Paris: 
Gauthier-Villars et Cie, 35 Quai des Grands-Augustins. (Pp, 160.) 
Price r8 frs. 

M 4 cani<me Statisque Classique. Lemons profess^es k la Facult6 des Sciences 
de Paris. Par M. £mile Borel. R6dig6es par Francis Perrin. Paris: 
Gauthier-Villars et Cie, 55 Quai des Grands-Augustins. (Pp, 148.) 
Price 18 frs. 

Calculus of Variations. By Gilbert Ames Bliss, Professor of Mathematics, 
The University of Chicago, Chicago. Illinois: The Open Court Publish^ 
ing Company. (Pp. xiii -f 189.) Price los. net. 

Practical Astronomy. A Textbook for Engineering Schools and a Manual 
of Field Methods. By George L. Hosmer, Associate Professor of Geodesy, 
Massachusetts Institute of Technology. Third Edition, New , York; 
John Wiley d: Sons ; London: Chapman & Hall, 1925, (Pp. xi + 270, 
with 80 figures.) Price 135. 6d, net. 

A Laboratory Manual of Experiments in Physics. By Leonard Rose, 
Ingersoll. London: McGraw-Hill Publishing Co., 6 Bouverie Street, 
E.C.4, 1925* (Pp* ix 4 - 220.) Price los. net. 

Electricity and the Structure of Matter. By L. Southerns, M.A., B.Sc,, 
Lecturer in Physics in the University of Sheffield. London: Oxford 
University Press, 1923. (Pp, 128.) Price 2s. 6d. net. 

The Crystalline State. By Sir William Henry Bragg, K.B.E., D.Sc., F.R.S., 
The Romanes Lecture, delivered in the Examination Schools, May 20, 
1923. Oxford: at the Clarendon Press, 1923, (Pp, 31.) Pri^ as. net. 

An Introduction to Fluid Motion. By W. N. Bond, B.A., B.Sc., B.Sc., 
A.R.C.S., F.In8t.P., Lecturer in Physics, University College, Rea^g. 
London: Edward Arnold d; Co., Z925. (Pp. 94.) Mca 5s. net. 

Die Theorien der Radiologie.Handbuch der Radiologie. Band VI. Bearbeitet 
von M. V. Laue, P. Zeeman, H. A. Lorentz, A. Sommerfeld und G. 
Wentz^* Georg Joos, E. Rieoke, L. Vegard, P. Debye. Mit 141 Figuren 
and Abbildungen im Text und auf Tafeln. Leipzig: Akadesdiicffie 
Verlagegece l lsc h a f t, X925* (Pp* 3d 4 * 8 op) Price 40 madka* 
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The StmctQte of light. The Fison Memorial Lecture. 1925. By Sit T. J. 
Xhomson, O.M., Master of Trinity College. Cambridge: at the Uni¬ 
versity iFhress, 1925. (Pp. xii 4- 38.) Price 25. 6 d* net. 

The Spectroscopy of X-rays. By Manne Siegbahn, Professor in the Uni¬ 
versity of Upsala. Translate, witlr the Author's Additions, by George 

A. Lindsay, Assistant Professor of Physics in the University of Michigan, 
London: Oxford University Press, 1925. (Pp. xii + 287.) Price 
205 . net. 

Organic S3mtheses. An Annual Publication of Satisfactory Methods for the 
Preparation of Organic Chemicals. Oliver Kamm, Editor-in-Chief 
of Board of Five, together with fifteen Contributors. Vol. iv. New 
York: John Wiley & Sons; London: Chapman & Hall, 1925. (Pp. 
vii 4 89.) Price 45. 6d. net. 

The Technology of Wood Distillation. With Special Reference to the 
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RECENT ADVANCES IN SCIENCE 


YimS XA.TKS1CATX0S. By F. Purysr White, M.A.. St. John's 

College, Cambridge. 

Finite Groups. —Sylow's theorem, which asserts that every 
group whose order is divisible by/>* but not by p being 
a prime number, contains a subgroup of order is usually 
given very early in a course on finite groups, and thus it is 
desirable to make the proof as simple as possible. One line 
of proof is based on properties of the symmetric proof and is 
given, for instance, in Miller, Blichfeldt, and Dickson, Finite 
Groups, 1916, p. 27. G. A. Miller {Bull. Anter. Math. Soc., 81 , 
1925, 253-6) now simplifies this procedure by basing the proof 
of Sylow's theorem for the symmetric group of degree />• upon 
a proof of the fact that S involves a subgroup P of order p* 
which is of index prime to p considered as a sub-group of the 
|;roup formed by the substitutions of S which transform P 
into itself. The other well-known proof, due to Frobenius, 
comes naturally considerably later on in the development of 
the subject. 

Permutation Groups .—In a transitive group of order g and 
of degree n the subgroup composed of all the permutations 
of G which omit a given letter is of order gjn. G. A. Miller 
{Trans. Amer. Math. Soc., 87 , I925» 137-45) investigates the 
possible permutation groups which involve a particular Gi. 
An immediate result is that if Gj is the symmetric group of 
degree m, G must be the symmetric group of degree #« + i, 
except in the special case m -• 2, when G may also be the octic 
noup of d^ee 4 ; similarly, if Gi is the alternating group of 
degree m, G is the alternating group of degree m 4 - i, except 
when m — 3, when G can also be the group of order 18 and 
degree 6. A further result is that a given group can only be 
the Gi of a finite number of transitive substitution groups, 
ftjof. Miller discusses in particular two cases. In the firat, 
the degree of Gj is a prime p ; it then follows that the deg^ 
of G is either p -i- i or zp. Further, we have the following 
rimomn,: the regular group of odd prkne degree p it aliytys 

25 377 
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the Gt of one and only one transitive group of degree ip. In 
the special case when p is of the form 2* - i it is also the G| 
of one and only one group of degree p + i. It cannot be the 
G| of any other transitive group. The second case is that in 
which Gi is transitive. Particular theorems are that a regular 
abelian group of degree m cannot appear as the of a transi¬ 
tive group of degree m + k unless m/k + i is a prime or the 
power of a prime, and that we must have m ik. 

In another paper {Amtr. Journal of Math., 47 , 1925, 176- 
80), G. A. Miller considers the possible number of different 
systems of imprimivity which may appear in the imprimitive 
group of a given degree n. He proves that it is possible to 
construct an imprimitive group of degree n which shall have 
exactly as many different systems of imprimivity as there are 
operators of order 2 in an arbitrary group whose order is any 
divisor of n, including n ; and an imprimitive group of degree 
H cannot have any other number of such systems of im¬ 
primivity. If p is an odd prime and G is of order p", the 
number of its systems of imprimivity such that each system 
involves p letters is equal to the number of subgroups of 
order /> in a group whose order is a divisor of the degree of G. 

Finits Groups of Linear Substitutions. —If G is a group of 
finite order which contains an operation P of prime order p, 
permutable only with its own powers, then it follows from 
Sylow's theorem that the order of G must be (i + kp)ps, 
where s is a factor of p - i. The greatest subgroup of G 
which contains self-conjugately the subgroup generated by 
P must be a metacyclical subgroup {S, P), where 

S-^PS-P*, S*-E, 

■g being a primitive root of the congruence i (mod. p). 

If s -p - I, P is conjugate with all its powers and the 
characteristic of P in each irreducible representation of G is 
rational. These results are given, for example, in Burnside's 
Theory of Croups, chap. xv. W. Burnside {Proc. Camb. Phil. 
Soc., 192s, 788-92) now considers the case in which s is less 
than p - i. He shows that, except for the case s - 
pm I (mod. 4), there is necessarily a umt-representation of G 
distinct from the identical representation, and that in this 
rraresentation P has the characteristic 1. He deduces the 
following result: if a group G of linear substitutions «f 
finite order, and of degree s, contain the irreducible mi^- 
cydioal subgroup {S, P} generated by 

P *1^ •• «*!«< (»••0,1,2, , . . s —1), 

* • « 2r|M.'t)| 
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where « is a primitive pth root of unity, s a factor of p — 1^ 
and g a prinutive root of the congruence g'^ i (mod. p), and 
if in G tne substitution P is permutable only with its own 
powers, then G contains no other substitution than those of 
(S, P}, except in the case already mentioned. The exceptional 
cases actually exist, and in another paper {ibid., 779-87) the 
same author shows how to set up a set of linear substitutions 
on J {p — i) symbols which gives a representation of the 
modular group of order ^ p (p* - i), p being any prime of the 
form 4M + 3. Special cases had been known before, the case 
{p ^ 7) for the representation of the simple group of order 
168 by linear substitutions on 3 symbols is in all the text¬ 
books, and that (p — ii) for the simple group of order 660 
had been given by Burnside himself in 1920. 

Quadratic Forms with an Infinity of Variables. —^The solu¬ 
tion of many of the problems of physics can be made to depend 
upon the simultaneous reduction of two quadratic forms to 
the sums of squares ; a typical example is the case of a 
dynamical system to which we may apply the method of 
Lagrange, the kinetic and potential energies being expressed 
as quadratic forms involving respectively generalised velocities 
and displacements. In Rayleigh’s Theory of Sound (vol. i, 
chap. 6) the vibrations of a stretched string are discussed as 
a limiting case of the vibrations of a string divided into a number 
of small parts, the mass of each being concentrated at its centre 
—a system in which the number of degrees of freedom is finite. 
In the limiting case the quadratic forms involve an infinite 
number of variables, and it is thus desirable to develop a 
theory of infinite quadratic forms and, in particular, to in¬ 
vestigate the generalisation of the theorem of Weierstrass 
that two quadratic forms in a finite number of variables may 
be simultaneously reduced to the sums of squares if one member 
of the family defined by them is definite and complete (non¬ 
singular). This has now been done by J. Hyslop in an im- 

E ortant paper, “ A Contribution to the Theory of Bounded 
[atrices and Quadratic Forms with an Infinity of Variables ” 
{Proc. L.M.S., 24 , 19^5, 564-304). The author begins with a 
recapitulation of the symbols employed, following in the main 
the notation of Riesz. A vector (x) is a system of numbers, 
real or complex, xi, xg ad infinitum, for which the sum 

converges ; a matrix is a doubly infinite array of real 

or complex numbers a^, it is bounded if a fixed constant M eadsts 
fttch ttat for every positive integer n and for every pair of 

unit vectors (<c), (y), i.e. vectors for which t - i, 

M. 
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A matrix defines two linear substitutions 

which are written 

(A)ar-(a). A'(>)-.(«»), 

where A stands for the matrix and A' for the transposed matrix, 
obtained by interchanging rows and columns in A. 

A matrix is symmetric if it is identical with its transponent, 
and Hermitian if it is identical with the transponent of the 
matrix obtained by replacing every element a„ by the conju¬ 
gate complex number ; a real symmetric matrix gives rise to 

a quadratic form A {x, x) *= Saf^,x„ and a Hermitian matrix 
to a Hermitian form A (af, x) - ia„x,x,. 

Two vectors (x), (y) are orthogonal if (x, y) — Sx,yr — o ; 

a set of vectors is complete if no non-zero vector exists ortho¬ 
gonal to all of them. A matrix, substitution, or form A is 
complete if the vectors of A' form a complete set. A char- 
acteristic vector of a substitution A is a vector (x) such that 
A (*) - X. (c) ; characteristic vectors of A will only exist for 
such values of X as make (A - XE) incomplete, E being the 
identical substitution, and these values of X are the cMrac~ 
teristic numbers of the substitution. 

After these necessary preliminaries, which are the natural 
extensions of similar ideas for matrices with a finite number 
of elements, the author proceeds to the consideration of the 
characteristic properties of the bounded linear substitution. 
He obtains a theorem of wide application, viz.: 

If B, C be two bounded matrices, a necessary and sufiicient 
condition for the existence of a matrix A whose bound does 
not exceed M, and such that AB-C is that, for every vector 
(x), IC (x) I I B (x) |. Here | x | denote the " length " of the 
vector (x), the positive square root of ^|*rj** 

This theorem is then applied to prove an expansion for the 
bounded bilinear form 

A(x,y)^Sti,{p^,x) (u<'>,y)+X fi,(f)^(g)^(g)dg(j*«>,x) (a^,y), 

I* 

wherein (p'^, (q^^ form a set of mutually normal unit 
vectors, and another such set, and the ^ nte 

a complete set for each value of / of real orthogonal functions 
of the variable g in the real interval (at, fii)- 

From this we get to the analogue of Weierstrass’s theoma 
mentioned above. It may be stated as follows ; 
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If two independent members of the family of forms 
(pA. + flrB) {x, x) are definite, and one of them is also complete, 
we may write 

A {X, x') - ZX, (y‘« *)• + Z [X f \ {g) (g) 4,^ (g)dg 

(yw 

B (*, x) - Z/*, (y*'\ «;• + Z fz f/i, (g) K (g) (g)dg 

r I Lm, njal 

(y^, x) *) j, 

where (1) the functions (g), (m *• i, 2, . . form a complete 
set of orthogonal functions for the interval (ai, | 3 |), 

(2) the functions X, (g), p, (g), and the numbers X„ /u, are 
bounded, 

(3) the vectors (y^*), (y^'"^), (r, /, w = i, 2, . . .)» arranged 
in a simple sequence, are vectors of a complete matrix. 

In the finite case the reduction to sums of squares is pos¬ 
sible if ont member of the family is definite and complete. 
For a finite number of variables, if A (x, x) > O, then, for suffi¬ 
ciently small values of X, (A + X B) (*, *) > O. In the infinite 
case this is not necessarily so, and we must insist that two 
members of the family should be definite. 

Such a simultaneous expansion defines the spectrum of A 
with respect to B ; it consists of a point spectrum, the set of 
points K^s^\ln„ and of a continuous spectrum, the set of 
values of the functions X,(g)//*,(g). Mr. Hyslop proves that 
the spectrum is uniquely defined independent of the particular 
expansions from which it is obtained. 

In a including section the author applies his results to 
a dynamical system with an infinite number of deCTees of 
freedom and in particular to the problem of the smau trans- 
v^e vibrations of a 'Stretched string of variable density, 
disturbed in the vicinity of a fixed end, the other end being 
infinitely remote. This problem was first propounded, in 1897, 
by Wirtinger, who foresaw that, with certain distributions 
of density at least, a continuous spectrum must result. 

Ti^ Allied Series of a Fourier Series .—^Suppose that the 
function /(t) is integrable in Lebesgue's sense and that its 
Fourier senes is 

cos nt + sin nt). 

, Then the series 

i cos nt - a, sin nt) 

k called the allied series of the Fourier series ; it is not neces- 
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sarily itself a Fourier series. For example, £ eos tut flog n is 

a Fourier series, but ^ sin nxflog n, although convergent for 

all values of x, is not a Fourier series, since its sum function 
is not integrable in Lebesgue’s sense in any interval which 
includes the origin. This example is due to Fatou {Acta 
Math., SO (1906), 335-400), who implicitly discussed one 
problem in the summability of the allied series. But the first 
explicit investiration of this question is due to Young (1911- 
12), who proved that the allied series is summable (C, 1} if the 
integral 

8 (*) - + 0 -/(* - 0 } eot J/ dt, 

the formula for the sum of the allied series, exists, in Cauchy’s 
sense, as a limit of the type lim j', and 

£l/(* + <) -/(* -/) 

This last condition is certainly satisfied for all values of x in 
which \f{x)-q\\s the derivative of its integral, whatever be 

L This set is called the Lebesgue set ; the complementary set 
s measure zero, so that the condition holds almost always. 
In the Lebesgue set the Fourier series is summable (C, fi) 
for every positive S, i.e. the Fourier series is summable (C, 8) 
almost always. Is the same true for the allied series ? Fatou 
showed {loc. cit.) that, if x is a point of continuity of / (art, the 
integral g (x) exists, as a Cauchy integral, if and only if the 
harmonic function 

S {b„ cos nx — a, sin nx) r", 

tends to a limit as r->> i ; i.e. if and only if the allied series is 
summable by Abel’s limit. Plessner {Mitt. Math. Seminar, 
Giessen, 10 (1922), 1-36) showed that Fatou’s result holds for 
all points of the Lebesgue set and for summability (C, i). 
Hence if we can prove that g {x) exists for almost ail values of 
X we shall have proved that the allied series is summable 
(C, i ) for almost all values of x. This has been done by Plessner, 
but in an indirect way, depending upon the theory of analytit 
functions ; direct proofs have so far only been given for func¬ 
tions of integrable square by Besikovitch {Fundamenta Math., 
4 (1923), 172-95) and for functions of which any power hj gl ^T 
than the first is integrable by Riesz and Titchmaiw. 

Using these results C. H. Hardy and J. E. littlewood 
{Proc. L.M:S., M (1925), 211-46) have succeeded in provhtg 
that the allied series is summable (C, S) for every positiv*^ 
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•aid almost all values of x. To do this they prove that, in the 
Lebesgue set, the allied series is either summable by every 
Cesiux) mean of positive order or summable by no CesSiro 
mean ; the main theorem then immediately follows by com¬ 
bination with Plessner’s theorem. 

They then go on to find the necessary and sufficient con¬ 
ditions for the summability of the series by the aggregate of 
Cesjuro’s means. Suppose that ^ (t) is integrable in Lebesgue's 

sense in («, «) for every positive e and that x (*) ■“ 

Then the integral |*^ (/) dt is said to exist in the Cesiu-o sense 

or to be summable (Q, if x («) tends to a limit in the Ces6ro 
sense when c ->■ o, i.e. if 


I 

^ Jo Jo 


r“*^ 

J. 'r-l 



d*r 


tends to a limit for some value of r. This being so, it is proved 
in the paper referred to that the necessary and sufficient con¬ 
dition that the allied series should be summable (Q is that the 
integral g (x) should be summable (C). 

A final section discusses the integral 


‘• /(x + i) -fM jj 
• 0 t 


Its behaviour differs strikingly from that of the integral 


+ 0 -/(ag-/) 


dt 


which dominates the discussion of the allied series. The 
latter converges, for almost all x, for every integrable /, but 
the former may diverge for almost all x even when / is con¬ 
tinuous. This former integral is connected with the series 
S (s, - s)ln, where 5* is the sum of the first (n + i) terms of 
the Fourier series of / (x), and 5 is a number independent of n, 
very much as the latter is connected with the allied senes. 
Theorems illustrating this connection are given and a sufficient 
condition that the integral should converge almost everywhere 
and represent a function of integrable square is obtained, vix. 
that S (a,* + V) (^og «}• should be convergent. 

TAa Riemann Zeta-function. —J. E. Littlewood {Proc. L.M.S,, 
H. *925* 175-201) obtains new results, depending for the most 

r upon the Riemann hypothesis as to the zeros of t («). 

summarise them we must recapitulate the preliminaiy 
Mbas. For o- > } let v (v) be the least value of i such that 

/(») + *0 -f («) - O 
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as < 00. Then it is known, from earlier work of Mr. Littlel- 

wood himself and of H. Bohr and E. Landau, that 


v (a) » 0 (<r 
V (<r) .^2(1 
v{<r) >5. h ( l 



tr 




I), 


where i is a positive constant; and that » («r) is a convex, 
continuous, and decreasing function of <r in the interval i. 

One of the main results of the paper is to show that we may 
take £ — I in the last inequality, and so the author does not 
assume this inequality but begins with the much less deep 
result for the lower bound of that v (<r) O. 

In a similar way we may call the least ? corresponding in 
the same way to any other function ^ (s) in place of / (s) the 
v-function of <f>. It is shown that the differential coefficients 
and the repeated integrals (with + 00 as the lower limit) of 
/(s) have the same I'-function in <r> i as /(s) itself and that 
the i>-functions of the real and imaginary parts of any deriva¬ 
tive or integral of /(s) are equal to p{<r) for <r> We define, 
formally, v (J) — Urn v (J + e), and then put v («r) — 2 (i - a) ft {a). 

• •♦Q 

It follows that ft {<t) is a decreasing function (in the wide 
sense) in < 1. Defining / 9 (i) ■* Um ft {a) and writing 

yS (1) we have 

ft{i)^ft(<T)^ft:^l (i^^v^ii). 

It is further known that the imaginary part of / (s) tends 
to a limit as <r -> J, subject to a convention when s is a 
zero of f (s) ; this limit we call v S{i). Moreover^ constants 
Ov • • . exist such that 

S. (T) - S (T), (T) =. (0 dt + 



Finally, we define a set of indices « — <**, o^, a, .. . by the 
relations 

S.(T)-Of(/ogT)%+'}. 

S»(T) 4 = 0 {(/ogT)‘},(A<fl.). 

A large part of the paper deals with the relations between the 
a’s and ft’s. It is known from the work of Bohr and Lan<^tu 
that a > 0, but no use is made of this result. Moreover,' it 
must be remarked that, although the imaginary part of /(a) 
has ft (ff) for ^-function when *r > J, it by no means follows t3«t 
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• — fi. Mr. Littlewood says : " It is an attractive and not 
unreasonable conjecture that a — i, /8 «■ He proves on 
the one hand that a »/9 and, on the other, that 
the latter theorem depending upon certain approximate 
formulse for f*(s) /f (s), combined with an appeal to theorems 
of Diophantine approximation. In a further section the 
behaviour of f (5) on the line «r => i is discussed ; it is shovm 
that Um 11/0^4(1 + t’O \l log log /} lies between two positive 
bounds which differ by a factor 2)9 (i) 2 ; the exact value 

is thus obtained if it is true that /8(i) = Finally the mean 
value of I (S„ (T) | is studied. The earlier results show that the 
“ order ” of S„(T) as a function of log T is at least J ; it is now 
proved that 




0(1) (n>») 

O {log log T) (« - o). 


so that the average order is zero. 


MBTXOBOLOGT. By E. V. Nbwnham. B.Sc.. Meteorological Office, 

London. 

In the Quarterly Journal of the Royal Meteorological Society, 
vol. 51, no. 215, July 1925, a paper appears entitled “ The 
Energy of Saturated Air in a Natural Environment,” by Sir 
Napier Shaw and H. Fahmy. Sir Napier Shaw has for many 
years advocated the application of thermodynamical principles 
to the solution of various meteorological problems. That so 
little has been done in this direction is no doubt due to the 
fact that very few meteorologists have ever had occasion 
to acquire more than a very superficial knowledge of this 
difficult branch of physics. It has long been known that the 
normal fall of temperature with height in the atmosphere is, 
at least over the land, less than the so-called ” dry adiabatic 
lapse rate ’’ which would be established if the atmosphere were 
stirred up in such a way that the air in each horizontal layer 
were thoroughly scattered in a vertical direction. In a thor¬ 
oughly stirred-up atmosphere of this kind the temperature 
would fall p-p” C. for each kilometre of height, and a sample 
of dry air would rise indefinitely were it warmed by the smallest 
amount, for it would at all levels find itself a trifle warmer 
and therefore less dense than the surrounding air. In “ natural 
environments,” on the other hand, the ” lapse-rate ” being 
normally less than the ” dry adiabatic,” a sample of air if 
forced upwards becomes increasii^ly colder than its surround- 
i|igs» ana its greater relative density opposes the upward move- 
psnt. 

With a sample of saturated air the situation is quite 
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different. As the temperature of the sample falls, some 
the water vapour condenses, and the latent heat liberated 


s 
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retards the cooling. The question as to whether it can rise 
is no longer a simple one. 

Herz was the first person to attempt a solution nf tld# 
problem of the ascent of moist air. Many years ago h« odciit 


POTENTIAL TEMPERATURE 
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Itted the changes of pressure and temperature for ascending 
saturated air, starting from various initial temperatures, and 
set out the results in a diagram in which the temperature was 
in each case plotted against the pressure, while lines showing 
the position on the diagram of various heights were adde^ 
Herz in his mathematical calculations considered the behaviour 
of a kilogram of a mixture of dry air and water vapour, but 
Neuhoff has more recently solved the same problem by con¬ 
sidering the behaviour of a mixture of i kilogram of dry air 
with X grams of water vapour. In the present paper Neu¬ 
hoff's equations are used. It is important to notice that the 
curves obtained are adiabatic only in the sense that no external 
heat is supposed to be applied ; actually the entropy of the 
dry air increases, for the latent heat from the condensing 
water vapour becomes “ realised entropy ” in the dry air. 
The water vapour is neglected * except in so far as it is a source 
of this “ realised entropy.” 

Shaw and Fahmy found after some experimenting that 
the form of diagram shown in the accompanying figure is the 
most satisfactory for dealing with the ascent of moist air. 
The temperature scale is linear, the potential temperature 
scale logarithmic. On this diagram a dry adiabatic lapse- 
rate is represented by a horizontal line. The solid curves are 
the ” adiabatics ” for saturated air of various temperatures. 
The dotted lines show various values of * in grams, and the 
pecked lines represent pressure. 

It is an extremely simple matter to determine with the 
aid of this diagram whether a sample of saturated air is 
unstable, and if so, to what point it must rise before it finds 
itself in equilibrium with its environment, provided the sample 
does not mingle with the surrounding air. It is first necessary 
to draw a graph of the environment. From the various pairs 
of observations of temperature and pressure obtained by a 
balloon sounding, the potential temperatures can be calculated, 
or else, if great accuracy is not required, the observations 
can be plotted at once, making use of the sloping lines of 
pressure. If now the point representing the sample of saturated 
w be marked, then the sample will be unstable if this point 
lies on the warm side of the ^aph of environment, and it will 
evidently rise along the saturation adiabatic until that line 
cuts the graph of environment. 

In a similar way the diagram can be used to find the posi¬ 
tion of equilibrium of a sample of air which is not initially 
saturated but is warm enough to rise, even in an environment 
having less than the dry adiabatic lapse-rate, to such a hcig^ 

*■ Tile water dtope are aseumed to fall oot of the sample, therefore tiw 
" adhthattai ” are irrevanible. 
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that satiuation is reached. The procedure in this case is 
to calculate the dew-point in the ordinary way, and then to 
follow the dry adiabatic line appropriate to the initial tem¬ 
perature and pressure of the sample (this line is of course 
horizontal) towards the right until either the moisture-content 
line coiresponding with the dew-point or else the curve of 
environment is encountered. If the moisture line is the first 
to be encountered, this means that the rising air is saturated 
while still warmer than the environment, and it can now con¬ 
tinue to rise, following the moist adiabatic line which passes 
through the point of intersection, until the moist adiabatic 
cuts the curve of environment. If, on the other hand, the 
dry adiabatic line meets the curve of environment first, then 
this means that the sample of air has attained to the tempera¬ 
ture of the environment while still unsaturated, and can rise 
no further. 

In any of these cases of ascending moist air the moisture- 
content lines enable the amount of water vapour that has 
condensed to be determined by simple subtraction. 

With the co-ordinates here made use of, since the lo^ of 
the potential temperature is proportional to the realised 
entropy of the kilogram of dry air, we have the equivalent of 
the indicator diagram, i.t. any given area represents so much 
energy^. In the case of an ascending mass of air, a certain 
area is enclosed between the moist adiabatic and the curve of 
environment, and this presumably is a measure of the surplus 
enei^ possessed by the air. 

The paper contains a number of calculations of the height 
to which air having certain specifications can rise, using data 
obtained on various English ballon-sonde ascents for defining 
the environment, and of the moisture precipitated, and of 
the surplus energy available. It closes with some calculations 
of the kinetic energy of a certain ideal type of cyclone. 

At the meeting of the British Association at Southampton, 
Dr. G. C. Simpson, in his presidential address to the Mathe¬ 
matical and Physical Section, summarised in a very ludd way 
some of the new ideas about the atmosphere that have been 
evolved during the past twenty-five years. This address is 
published in Nature (vol. ii6, no. 3914, Sept. 5, 1925, pp. 
361-5). Most of the points discussed have been dealt wiw 
in recent numbers of Science Progress, but some of Eh*. 
Simpson’s remarks have some bearing upon the problems 
dealt with in the paper of which an abstract has just been 
given. Little has bMn said by the authors of that paper 
about the descent of air. Dr. Simpson points out that yet 
Imye clear evidence of the ascent of limited masses of t^, 
rising balloon-like through the surrounding air, «.g. the at” 
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velopment of the ordinary cumulus cloud, or of the thunder¬ 
cloud, and Shaw and Fahmy have just indicated the conditions 
that must be satisfied to make such ascent possible; but if 
air goes up air must come down. Just as the normal lapse- 
rate of the atmosphere opposes the ascent of dry air, so it 
opposes the descent of either dry or saturated air, and there 
is no mechanism analogous to condensation which can quickly 
abstract heat and allow of continued descent on a scale similar 
to that of the two examples of ascent just referred to. The 
only way left appears to be by gradual subsidence, and as the 
extent of the vertical movement cannot be great, the requisite 
transference of air is presumably arrived at by subsidence 
over large areas. This subject was dealt with mathematically 
by Margules about twenty years ago. He showed that the 
kinetic energy developed in the cyclones of temperate latitudes 
is adequately explained if we suppose that suitably large masses 
of cold air subside and creep underneath corresponding masses 
of relatively warm air, which are lifted in the process. The 
result is a lowering of the centre of gravity of the whole mass 
and a reduction of the potential energy with a corresponding 
development of kinetic energy in the form of wind. 

An abstract of a lecture delivered by Prof. V. Bjerknes, 
entitled " Polar Front Meteorology," appears in the QuarUrly 
Journal of the Royal Meteorological Society, vol. 51, no. 215, 
July 1925, pp. 261-s. In this lecture the theoretical grounds 
for the recently developed Norwegian methods of forecasting 
were set out. Prof. Bjerknes pointed out that in the classics 
treatises on hydrodynamics only " barotropic" fluids are 
considered, i.e. fluids in which the density is completely con¬ 
trolled by the pressure, so that surfaces of equal density are 
always isobaric surfaces. The barotropic condition does not 
permit the formation of vortices, although such would con¬ 
tinue were it possible to produce them, nor does it permit the 
formation of movements maintained by thermodynamical 
means. These and other limitations make the classical theorems 
inapplicable to the movements of the earth's atmosphere. By 
consideration of " baroclinic " fluids, i.e. fluids in which sur¬ 
faces of equal density are inclined to and cut isobaric surfaces, 
the lecturer was led to the general theory of hydrodynamical 
action at a distance and to general theorems regarding atmo¬ 
spheric circulation. These theorems, it is claimed, can be 
applied to the large circulatory movements of the atmosphere 
wmeh are undoubtedly produced and maintained thermo- 
d^pamically. By the assumption of the existence of surfaces 
of discontinuity m the atmosphere, the latter can be r^jarded 
ihade up of neariy barotropic layers separated from cm 
•aotto by strongly baroclinic layers, or, in extreme cases, by 
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sur&ces of dncontimii^. Making this assumption, the tee* 
turer considered the effect of a small disturbance upon two 
barotropic layers lying horizontally one upon the other, and 
showed how waves would be set up which would travel along 
the surface of separation. He then considered the effect of 
the earth’s rotation on the wave motion between M^nds which 
are in contact over a horizontal surface, and which possess 
different velocities, taking the upper layer to be a west wind 
and the lower layer an east wind. The rotation would cause 
each to tend to move to the right, and the surface of separation 
would become inclined according to Margule’s formula, with 
a slope of the order of i in lOO, cutting the earth along a parallel 
of latitude, the westerly current overlying the easterly north 
of this latitude. The result is the “ polar front.” In the 
surface of separation the wave motion will appear as an undu- 
latory movement of the polar front together with vortices 
travelling from west to east. (For a more detailed exposition 
of the arguments briefly outlined above, see Le Journal dt 
Physiqu* et U Radium, vol. 5, no. 11, t924, p. 321.) 

In Comptes Rendus, tome 181, no. 9, Aug. 31, 1925, pp. 
323-6, there is a short paper by Faucher and Rougetet entitled 
” Contribution a I’^tude du mistral. L’acc^teration.” The 
authors studied the velocity of the northerly or north-westerly 
winds of Provence, known as the mistral, along a section of 
the Rhone valley about seventy kilometres in length, in the 
neighbourhood of Saint-Vallier and Mont^limar. A number of 
observers were supplied with standardised hand anemometers, 
and observations were made, apparently by day only and in the 
summer, along a chain of observing stations at certain fixed 
hours during a spell of mistral, during part of 1924 and 1925. 
They found that the velocity of the mistral almost always 
exceeded the theoretical velocity corresponding with the pres¬ 
sure gradient at the time, and that there was continual accelera¬ 
tion along the path of the wind. Two typical examples are 
given: one with high pressure over Central France, and low 
pressure over the Gulf of Genoa and the Tyrrhenian Sea (the 
classical situation for the formation of the mistral), and a fairly 
strong pressure gradient; the other with low pressure and 
very little gradient. The stretch of the Rhone valley under 
consideration is made up of a series of low-lying plains or basins, 
separated by passes, and it was principally over these plains 
that acceleration took place. The authors contend that it is 
the orographical nature of these plains which causes the aceeteva- 
tion, the configuration beh^ favourable for rapid evaporatina 
over .the central regions and strong solar heating on the slopes 
of the hills, leading to slight reductions of pressure in «adh 'df 
tibe pkuza. 



METEOROLOGY 391 

la th§ Montidy W0atlm Rttfiew, vol. 53, no. 7, July 1935, 
two t>apen appear which deal with the question as to whether 
it is Intimate to assume that day to day variations in the 
radiation emitted by the sun occur, on the evidence supplied 
by the Astrophysical Observatory of the Smithsonian Institu* 
tion. The first of these, by C. F. Marvin, contains a very 
thorough examination of the most recently published deters 
minations of the ** solar constant ’* made at Gilama (Chile) 
between July 1918 and July 1919, and a comparative study of 
certain sets of determinations at other places, using modem 
mathematical statistical methods. The desirability of some 
critical study of this kind has been felt by meteorologists ever 
since claims have been made by certain American writers of 
a close connection between changes in the weather and varia¬ 
tions in the " solar constant,” In a recent essay-review * of 
Qayton’s " World Weather ” this need was emphasised, in 
view of the fact that weather changes of a most precise kind 
were deduced by that writer from alleged variations of the 
” solar constant,” although the magnitude of such variations 
were shown by him to be dependent to a large degree upon 
where the measurements were made. Marvin’s paper bnngs 
out very clearly the extreme difficulty of allowing for the 
effects of scattering and absorption of the different wave-ler^hs 
received on the earth’s surface from the sun, and he finds 
evidence in his statistical results of the inadequacy of the 
methods of extrapolation that have been used for determining 
the radiation outside the atmosphere, based on the Bouguer- 
Langley exponential law for monochromatic radiation, viz.: 

i — la"*, 

where i is the intensity after passing through a mass ” m ” of 
air, and I is the initial radiation for the wave-length in question. 

The evidence shows that when the ” solar constant ” 
appears to depart from its mean value by certain amounts at 
two different stations, 6nd these departures have the same 
sign, part at least of this agreement is due to inadequate cor¬ 
rection of atmospheric effects occurring at both stations simul¬ 
taneously. His final conclusion is that any genuine variability 
of the sun’s total radiation must be very small, and that it is 
not yet possible to say what proportion of the standard devia¬ 
tion of the ” solar constant ” might be due to such variabilily, 
and vdiat proportion to errors of correction for atmospheik 
abttnption, etc. At the same time he throws out valuable 
tuggestions as to how the two causes of variation can be zopt* 
gated statistically, and as to the best way of conducting the 
'Maervational work with this end in view. 

> SeisMCs PaooasM, v(d..xix. p. 679. 
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The second of the two papers referred to above is by H. H. 
Kimball. He also considers the errors in determinations of 
the “ solar constant,” both in the fundamental readings and 
in the corrections for loss in transmission through the atmo¬ 
sphere, and examines the correlation between simultaneous 
determinations at Montezuma (Chile) and Harqua Hala 
(Arizona). His conclusion is that only an insignificant p^ 
of the day to day variations can be attributed to solar varia¬ 
bility, and that the existence of even such slight variability is 
at the present time hypothetical. 

nmZOB. ByL. F. Batbs, B.Sc., Pb.D., F.I&stP., University College, 

London. 

Collisions of the Second Kind .—From the experiments of a 
large number of workers on the ionisation and radiation pro¬ 
duced by the impact of electrons with atoms, it clearly follows 
that a collision between an atomic system and a free electron 
in certain cases may result in a transition of the atomic system 
from one stationary state to another without the emission of 
radiation, whilst the free electron loses an amount of kinetic 
energy such that the principle of the conservation of energy 
holds for the collision. In a classic paper, Klein and Rosse- 
land (Zeit. fUr Phys., 4, p. 46, 19Z1) considered the effe^ct 
which such collisions would have on the temperature equilibrium 
of a mixture of atomic systems and free electrons. In the 
absence of electrons, of course, there would be a statistical 
equilibrium between the atoms and the temperature radiation, 
when the energy distribution of the latter corresponded to 
that required by Planck’s radiation hypothesis. It would 
appear a priori that the statistical equilibrium distribution of 
the velocities of the free electrons, and, also the statistical 
equilibrium distribution of the atomic systems in their various 
stationary states, corresponding to the transitions produced 
by the temperature radiation, would be disturbed. Fqr, 
some atoms would be raised to higher stationary states owing 
to collisions with free electrons, whilst the impacting electrons 
would simultaneously lose kinetic energy. Since some of these 
excited atoms would immediately radiate, it follows that there 
would be a general decrease in the energy of free electrons 
and a general increase in the enei^ of the atoms and of the 
radiation; i.e. the temperature of the radiation would increase 
whilst the temperature of the electrons would decrease. 
would obviously constitute a breach of the second law of 
thermodynamics. It therefore follows that such collisions 
must be compensated, and, moreover, this compensation innit 
be completely effected by the electrons themselves, as ao^ 
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as the velodties of the latter are distributed in accordance 
with the temperature equilibrium. In this manner Klein 
and Rosseland came to the conclusion that, as a necessary 
consequence of the experiments on ionisation and radiation 
produced by electron impact, collisions must occur between 
atomic systems and free electrons, in which an impacted atom 
may pass from a higher to a lower stationary state without 
the emission of radiation, whilst the free electron, as a result 
of the collision, obtains an increase in kinetic ener^ exactly 
equal to the energy lost by the atom. Such collisions Klein 
and Rosseland termed collisions of the second kind, in order 
to distinguish them from the previously studied impacts, 
which were termed collisions of the first kind. Klein and 
Rosseland further obtained a relation between the probabilities 
of the occurrence of collisions of the first and of the second 
kind, which showed that the probability of collisions of the 
second kind is very great when the velocities of the colliding 
electrons are small, and this is to be expected, because the 
probability of a free electron coming under the influence of 
an atom will naturally be very large when the velocity of the 
electron with respect to the atom is small. In fact, the proba¬ 
bility of increase in kinetic energy by collisions of the second 
kind in the case of slow electrons, must be the same as that 
for loss of energy by collisions of the first kind in the case of 
the faster electrons, in order that thermodynamic equilibrium 
may be possible in a mixture of atoms and electrons in which 
we assume the Maxwell distribution of velocities to hold for 
both. 

Now Franck (Z*t 7 . fiir Phys., 9 , p. 259, igiz) showed 
that precisely the same argument must apply to the collisions 
of atoms and molecules, for it is well known that radiation 
may be produced by atomic and molecular impacts. Naturally, 
researches similar to those which give information about the 
nunlber of quantum transitions occurring with electron impacts 
of the first kind can scarcely be carried out with atomic and 
molecular impacts, but, as Franck pointed out, it is easy to 
determine the number of collisions of the second kind and 
thereby to obtain indirectly the number of collisions of the 
first kmd. To do this it is only necessary to determine the 
percental of excited atoms or molecules which undergo 
radiatiomMS transition from the excited state to the normal 
State by virtue of collisions of the second kind with non-excited 
atoms. In this connection Franck referred to the results of 
|S:igpe]riments on the reduction in intensity and the modification 
bf the fluorescent spectra of gases, like iodine vapour, which 
bie«ttr when traces of other »ses are introduced—these experi* 
forming very convincing example of radiationless 

, *6 
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ooUisions. Thus the fluorescent spectrum of iodine vapour 
at low pressures b not only reduced in intensity by the addi* 
tion of traces of another gas, but the nature of the spectrum 
itself is changed. When pure iodine vapour is illuminated b^ 
monochromatic light, only the resonance line spectrum is 
emitted, but on the addition of another gas, bands appear and 
the region of maximum intensity is displaced towards the red. 
The appearance of these bands, denoting transitions with the 
emission of smaller quanta of energy, snows that an excited 
molecule, by losing its rotation and vibration quanta to in* 
crease the lanetic energy of an atom or molecule of the added 
gas, may pass directly to a lower quantum state without the 
emission of radiation, and may then radiate light of greater 
wave-length than would otherwise have been emitted. Now, 
in the above case, the large number of possible quantum 
transitions make it very difficult to interpret the experiments 
quantitatively, and Franck suggested that similar experiments 
should be made with monatomic gases, and Cario (Zst/. /Ur 
Pkys,, 10 , p. 18s, 1922) therefore made measurements on the 
decrease of the resonance fluorescence of the mercury line 
2536*7 A which accompanies the addition of another gas. 
The first experiments in this connection were made by R. W. 
Wood (PAys. Ztft/., 18 , p. 353, i9i2),who exposed mercury vapour 
in a quartz vessel to light of wave-length 2536*7 A, and observed 
the decrease of resonance radiation when small quantities of 
air were introduced into the vessel. From Wood's results, 
Cario first calculated the diameter of an excited mercury atom, 
on the assumption that each collision of an excited mercury 
atom with a molecule of air, i.e. of nitrogen or oxygen, was a 
collision of the second kind. The number of collisions calcu¬ 
lated on the basis of the kinetic theory of gases is 

where <r is the sum of the radii of the excited mercury atom and 
a molecule of nitrogen or of oxygen, p is the pressure of the 
air added to the mercury vapour, in mm. of mercury, L the 
number of molecules in one gm. molecule, k the Boltzmann 
constant, 8 the absolute temperature, m the atomic weight of 
mercury, and the molecular weight of nitrogen or of ox3rgen. 
Since we may consider that the numb^ of excited atoms 
decreases exponentially with time, and if we suppose that at 
a time f >■ o, atoms are in the excit^ state and that no 
further excitation occurs, then, after a time t there will exlit 
excited atoms, where t is of the order of io~*f«c. 
Further, if in a time T-i i/Z,whidi is the average time betMten 
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Vm> interatomic collisions, n atoms are excited, then the number 
of atoms which radiate in the interval T will on the average 
be equal to 


fndtf 

-T-t\ r 
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Now the degree of intensity of the resonance radiation 
may be measured by the ratio of the number of atoms which 
radiate to the number which are excited in the same interval 
of time, i.t. by 

-tZ(I 

The nature of the decrease thus calculated by Cario agrees 
well with that found experimentally by Wood, if the value 
5*98 X io“* cm. is substituted for <r. This means that the 
diameter of the excited mercury atom is 9*1 x io~* cm. Since 
the diameter of the excited atom must be greater than the 
diameter of the normal atom, this value is of the right order 
of magnitude, and the assumption that each collision of an 
excited atom with a molecule of air is a collision of the second 
kind appears justified. Cario's own experiments on the 
decrease in fluorescence caused by adding traces of the rare 
gases to mercury vapour show definitely that collisions of the 
second kind, and not chemical action, are responsible for the 
obseiwed decrease. The mercury vapour in his experiments 
was caused to fluoresce by suitable electron impact, and the 
curves obtained show the same kind of decrease in intensity 
on the addition of larger amounts of argon and helium-neon 
mixture, although the actual decreases are not equal for equal 
pressures of argon and of helium-neon mixture added. These 
curves cannot be evaluated in the same way as Wood’s curve, 
since they deviate considerably from the formula obtained 
above and which Woo'd’s curve satisfies, but if these ex^ri- 
mental curves are compared with theoretical curves obtained 
by assuming the atomic diameters of ai^on, neon, and helium 
to be 2‘S X ro“*, 2*1 x io~*, and 1*7 X io~* cm. respectively, 
then it can be stated with certainty, that with the addition 
of a helium-neon mixture (23 helium + 77 neon) the diameter 
of the excited mercury atom must be considered to be at least 
3 times greater, and with the addition of argon, to be at least 
5*5 times greater, in order to explain the observed results. It 
IS suggested that the reason for this difference in the values of 
Uie Juimeter of the excited mercury atom is that every col- 
Usion between an excited atom and a light atom is not a col¬ 
lision of the second Idnd, i.t. that the yield of collisions of the 
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second kind is less than loo per cent. Incidentally, the expeii* 
ments of Stuart {Zeit. fUr Pnys., ^ p. 262, 1925) show that a 
most varied efficiency in producing reduction of fluorescence 
is possessed by different gases. However, the net result of 
these experiments is that every collision of an excited mercury 
atom with a neutral atom of a heavy gas may be regarded as 
a collision of the second kind, for the order of magnitude of the' 
excited mercury atom found from these experiments agrees 
with that found by the independent experiments of Fiichtbauer 
and Schnell (Phys. Zeii., 14 , p. 1164, 1913) and of Fiichtbauer 
and Joos {Phys. Zeit., p. 73, 1922). 

Turner {Phys. Rev., 28 , p, 464,1924) has derived an equation, 
similar to that of Carlo, for the relation between the rate 
of dissociation of hydrogen molecules by excited mercury 
atoms and the pressure of hydrogen. His theory leads to an 
expression for <r*T, where <r is the distance between the centres 
of an excited mercury atom and of a hydrogen molecule during 
a collision, and r is the average duration of the excited state. 
The value of <r*T is found from Franck and Carlo’s experimental 
results to be equal to 7*22 X Assuming a- to be of the 

order of magnitude of atomic diameters, he finds r to be io~* 
sec., and his equation seems to fit these experimental results 
better than Carlo’s equation. The fact that the data a^ree 
with such a simple theory indicates that collisions of excited 
mercury atoms with normal mercury atoms have a negligible 
effect. ^ Turner also applies his theory to R. W. Wood’s results, 
extending his theory to cover the possibility of suc6essive 
impacts of the excited mercury atom. This extended theory 
is found to a^ee qualitatively with Wood’s results at higher 
pressures, indicating an increased rate of production of exated 
mercu^ atoms for the same illumination, and a smaller value 
of T with air than with hydrogen. 

Franck {loc. cit.) also pointed out that the existence of 
collisions of the second kind would explain the emission of 
certain lines in fluorescent spectra which would not be expected 
in the ordinary course of events. Thus, Wood observed that 
when mercury vapour is illuminated with light of waveJength 
1849 A, the vapour emits the line 2536*7 A, iS - ap,, as well 
as the 1849 A line, iS - 2P. Since the principle of selection 
forbids a direct quantum transition, or even a transition by 
stages, from the 2P to the 2/>, state, the above result might be 
explained on the assumption that an atom in the aP state 
absorbed infra red radiation of wave-len^h 10140 A, and th^ 
proceeded to the 2pt state with the emission of the line 4078 A. 
As the 4078 A line is not observed, thb explanation must txie 
regarded as improbable. An explanation b^d on the format 
tion and destruction of Hgj molecules is also unsatisfii^<»y. 
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However, if excited atoms in the 2P state collide with free 
electrons or atoms they may fall to the state without 
radiating, and thence reach the i*5S state by the emission of 
the 2536*7 A line. The selection principle in this case would 
not be violated, as it could not be applied in view of the intense 
field between the colliding systems. Now the above experi¬ 
ments deal only with electron transitions in the same kind 
of atom. Cario {loc. ciL) therefore made experiments with a 
mixture of atoms, in which the energy of a quantum transition 
in one kind of atom was absorbed by an atom of another ele¬ 
ment by means of a collision of the second kind. He first 
used a mixture of mercury and thallium vapours. In one 
side of a quartz vessel, maintained at 100® C., was placed some 
mercury, and in the other side, heated to about 800® C., was 
placed some thallium. These temperatures gave vapour pres¬ 
sures of 0*25 mm. for mercury and about 2 mm. for thallium 
respectively. The mixture of vapours was illuminated by 
light of wave-length 2536-7 A from a cooled mercury arc, and 
the fluorescent light from the mixture was photographed by 
means of a quartz spectrograph. The photographs showed, 
in addition to the strong resonance line 2536-7 A and other 
fainter mercury lines due to scattering, six lines due to 
thallium. These lines were emitted owing to collisions of 
normal thallium atoms with excited mercury atoms, the 
latter communicating energy to the thallium atoms of amount 
sufficient to raise them to states which do not differ from the 
normal state of the thallium atom by more than the quantum 
of energy corresponding to the 2536-7 A line. Under these 
circumstances the emission of eight thallium lines would be 
expected, but two of these would be absorbed by the quartz. 
The six lines actually observed obeyed the selection principle 
and the intensity rule. Cario also made similar experiments 
with mixtures of mercury and silver vapours. In this case we 
should only expect to- observe the iS - »p, and the iS -2^, 
lines of silver, and precisely these two lines were recorded. 
Many control experiments showed that the results were due 
to collisions of the second kind as described. 

Suppose we next consider a mixture of gases consisting of 
two components, A and B, whose atomic weights are m and 
nti. Let the gas A possess a line of frequency p as the lowest 
frequency line of its absorption series, and let the corre¬ 
sponding line of the gas B have a frequency Vi, where p > 
now if we illuminate the mixture under suitable circumstances 
{vid0 Cario and Franck, Z«it. fUr Phys., 17 , p. 202, 1923) 
with light of frequency p, then p and pi should appear in the 
fltlorescent radiation. Under these drcumstances, in each 
exdhange of energy between an excited A atom and a B atom, 
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an amount of enei^ equal to h (v -- vj) must be distributed 
as kinetic energy between the colliding atoms A and B. If 
the temperature of the mixture is so low that the thermal 
energy is small with respect to hv, then the atom B will receive, 
in addition to the energy required to excite it, an amount 

I I 

of kinetic energy equal to - — A (v - The 

excited B atom should then radiate light of frequency 

(• + ^ cos 4 >)$ owing to the Doppler effect, and this light 
c 

would not be absorbed by the other B atoms, which move far 
less quickly . On the other hand, if we illuminate the same mix> 
ture with light of frequency v,, then an emission of frequency 
V can only result when the temperature of the mixture is so 
high that the extra energy necessary for the excitation of 
A, i^. h (p — »,), may be obtained from the thermal energy 
during the collisions of an A atom with an excited B atom. 
These two effects were considered by Cario and Franck {loc. cit.), 
who succeeded, by using mixtures of mercury and thallium 
vapours and of mercury and cadmium vapours, in proving 
the second effect to exist; the first effect they also showed to 
exist by experiments on the absorption of fluorescent radiation 
but sodium vapour. 

Kopfermann {Zeit. fiir Phys., 81 , p. 316, 1924) used the 
method of Cario and Franck to obtain information about 
the spectra of lead and bismuth, and he obtained photographs 
which showed that the results for lead agreed with the series 
formation given by Grotian (Zeit. fiir Phys., 18 , p. 169, 1923) 
and by Thorsen {Naturwiss., 11 , p. 78, 1923), and from the 
results for bismuth he was able to obtain further information 
of certain regularities in its spectrum. 

The effect of collisions of the second kind in photochemical 
processes was initially raised by Franck {loc. cit.), and he cites 
the case of the sensitisation of a photographic plate. For the 
occurrence of a photochemical reaction two conditions are 
necessary: firstly, the incident radiation must be absorbed, 
and secondly, Einstein’s law of photochemical reaction piust 
be obeyed. Now, with a photographic plate coated with a 
silver halide and illuminated with red light the first condition 
is not satisfied, and the plate is not sensitive to thu light. 
However, if the silver halide is stained with a dye which absent 
red light, then the plate becomes sensitive to light which in 
general belongs to the group of wave-lengths covered by the 
abso^tion band of the dye. This is to be expected, if we 
consider that the dye absorbs the energy of the red light through 
quantum transitions, and then by collisions of the sOc;Qnd 
land imparts it as kinetic energy to the silver halide, so 
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the latter becomes partially dissociated and behaves as if it 
vrere directly affected by red light. Incidentally, Franck 
further suggested that at Very low temperatures where such 
a transference of energy would presumably be impossible, the 
absorbed radiation should be re-emitted as fluorescent radia« 
tion, and the intense fluorescence of solids at low temperatureSf 
described by Goldstein, might thus be accounted for. It has 
long been known (Weigert, Ann. der Phys., M, p. 243, 
19^7) that ozone, to which a little chlorine is added, is decom¬ 
posed on exposure to light. Similarly, hydrogen is photo- 
chemically dissociated when it is illuminated with light of 
wave-len^h less than 3200 A, provided that there is present 
a trace of another g^s which absorbs this light, although from 
thermal data it would be expected that light of wave-length 
less than 1300 A would be required to dissociate pure hydrogen. 
Carlo and Franck {Z«it. /Ur Phys., 11 , p. 161, 1922) showed 
that mercury atoms excited by absorption of the 2536*7 A 
line were able to dissociate hydrogen by collisions of the second 
kind. They illuminated a mixture of hydrogen and mercury 
vapour in a quartz tube which also contained copper or tung¬ 
sten oxide. The water formed by the reduction of the oxide 
was removed by liquid air, and the consequent pressure decrease 
was measured by a Macleod gauge. Wolfram triozide was 
also used and showed similar reduction effects, although 
Langmuir showed that this substance is only reduced by pure 
hydrogen at a temperature above red heat. More recently 
Dickinson (Proc. Nat. Acad. Science, 10, p. 409, 1924) 
has shown that similar experiments may be carried out with 
oxygen gas instead of a metallic oxide, and that the reaction 
may take place at room temperatures. Duffendack and 
Compton (Phys. Rev., S8, p. 584, 1924) have drawn attention 
to tne fact that the dissociation of molecules by the action 
of excited atoms should occur in low voltage arcs under 
suitable conditions. If, for example, a low voltage arc were 
maintained in mercury vapour in the presence of hydrogen, 
then we should expect a rapid disappearance (or ** clean-up ”) 
of the hydrogen, because for the maintenance of the arc a 
lam concentration of excited atoms would be necessa^, and 
this, of course, would be the condition for the rapid dissocia¬ 
tion of the hydrogen present. The dissociated hydrogen dis¬ 
appears by secondary chemical action. 'Hiey therefore made 
experiments to compare the importance of this mode of dis¬ 
sociation with that due to a hot filament alone or by direct 
electron impacts with gas molecules. The general condusion 
d^wn from these experiments was that the rate of disappear¬ 
ance of hydrogen was about ten times as great in a 5*3 volt 
tneroury arc^ and about three times as great in a 10*4 volt 
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mercury arc, as in a pure hydrogen arc up to 65 volts, ^ 
highest used. Somewhat similar results, though much less 
pronounced, were obtained in the case of the dissociation of 
nitrogen in a mercury arc. At the recent meeting of the 
Farad^ Society at Oxford {Trans. Farad. Soc., Aug. s, 1935) 
H. S. Taylor presented the results obtained by Marshall and 
Taylor, which show that ethylene, carbon monoxide, oxygen, 
and nitrous oxide will react at room temperatures with 
hydrogen atoms, produced by collisions of hydrogen molecules 
with excited mercury atoms. Carbon dioxide and nitrogen 
apparently do not so react. These experiments were made 
at pressures which averaged half an atmosphere, whereas 
all previous experiments were made at pressures of the order 
of a few mm. of mercury. The rapid velocities of the reactions 
which they observed lead them to suggest that a type of chain 
mechanism is effective in these reactions. 

Finally, it may be mentioned that Franck (loc. cit.) sug* 
gested the following explanation of the emission of electrons 
mom hot bodies. The thermal eneigy of the atoms results 
in the excitation of many atoms, and there must be equilibrium 
between this and the reverse processes. The frequency of 
the radiationless transitions is great compared with the number 
of transitions accompanied by radiation. At the surface of 
a metal, or of a metallic oxide, all quantum transitions whose 
energy changes are greater than the work of liberation of an 
electron from the surface will produce emission of electrons. 
This theory avoids the difficulty of the conception of free 
electrons inside a substance, and should therefore apply equally 
well to metals and to metallic oxides. It is somewhat similar 
to Richardson’s theory of thermionic emission in that the 
resultant emission of electrons is dependent on the energy 
density of the temperature radiation, and varies in the same 
way with temperature. It has the advantage that it predicts 
a much larger emission of electrons than Richardson’s theory, 
and presumably would account for the Maxwell distribution 
of velocities, owing to the thermal equilibrium inside the 
substance, in all cases. 

It is clear that collisions of the second kind enable us to 
account for many complex phenomena, and there is certainly 
much scope for further research in this branch of physics. 

nrVXOAA OXaMXRBT. ByW.E.GAiuiBit.M.Sc.,UaivmityCoa«f«, 

London. 

Photochemistry .—^At a meeting of the Faraday Sode^ at 
Oxford, October ist and and, 1935, a series of papers was 
read which surveyed the whole field of Photochemistry. The 
papers may be dfassified broadly into the three main groiqpiB 
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eoacerning respectively the Einstein law, the kinetics of 
photochemical reactions, and the radiation hypothesis. . 

The Einstein Law ,—^The law of photochemical equivalence 
has stimulated research in photochemistry to an extraordinary 
degree, and has led to a large number of investigations on 
the quantum efficiency of photochemical reactions. Except 
for a comparatively few reactions, it has been shown to break 
down when applied to the complete photochemical chanro. 
As Warburg showed, it is exactly followed for HBr and HI 
decomposition, where two molecules decompose for every 
quantum absorbed; but, in the majority of photochemical 
reactions, the quantum efficiency is either very much greater 
or very much smaller than that anticipated from the Einstein 
law. Thus for H, and Clg, one quantum of 4^0 ftit. converts 
2,700 molecules, while for maleic to fumaric acid in water one 
quantum converts 0*04 molecule. 

The quantum efficiency varies with the wave-length; 
for Og—Og an increase from 1*7 for 2*53 /i/t to 3-1 for 2*09 nii. 
is observed. Also, as Winther pointed out, the quantum 
efficiency decreases with increasing energy at constant wave¬ 
length. This is found for Og —^ Og, HgOg in aqueous solution, 
green leaves, and oxidation of HI in aqueous solution (Z. 
physikal. Chem., 1924,108, 236). These facts are all in opposi¬ 
tion to the claim that the Einstein law is valid for the complete 
photochemical change. 

Prof. Allmand, in his address, showed that the Einstein 
relation can only be strictly applied to the primary process 
by which the light is absorbed ; the subsequent chemical 
changes may not follow stoichiometrically, and the number of 
molecules undergoing chemical change may bear no simple 
relationship to the number of quanta of light absorbed. The 
activated ” molecules may either undergo chemical change, 
or may revert to their initial unactivated condition by the 
loss of the absorbed energy as heat or by its emission as 
fluorescence or phosphorescence. When the latter processes 
occur to an appreciable extent, if at the same time the change 
be endothermic, the quantum efficiency is found to be low. 
An additional cause for departure from the law occurs for 
exdothermic reactions accelerated by light. Here, the part 
played by the energy liberated during the chemical change may 
completely mask tne primary effect due to the absorption of 
radiation. The liberated chemical energy may activate further 
molecules giving rise to the so-called chain reactions which 
possess a high quantum efficiency. Add to these factors the 
potttbility Utat one molecule may absorb more than one 
qtiaatum, and it becomes evident that no simple relationship, 
fvhich is applicable to all photochemical reactions, can exist 
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between the quanta absorbed and the amount of cberaiod 
chanee. 

Mtckanism of Photochemical Reactions .—Franck discussed 
the question of the conversion of the activation energy into 
chemical energy. According to the view of Stern and Volmer 
(Z. /. Wiss. Photographic, 1920,19, 27s), this occurs only when 
the activated molecule collides with another atom or molecule 
during the period of excitation. Otherwise the energy is 
emitted as fluorescence, which is the more intense the Tower 
the pressure. The possibility of photochemical dissociation 
occurring as one elementary act, i.e. without collision with 
molecules which take no part in the reaction, depends upon the 
effect of electronic activation on the strength of the chemical 
linking. Evidence bearing on the effect of activation on the 
strength of the chemical linking may be obtained from mole¬ 
cular spectra. For example, Hg, gives molecular band spectra 
on the long wave-length side of the atomic lines. According 
to the theory of band radiation, this means that the atoms 
in the activated molecules are closer together than in the 
inactivated state. For the halogens, on the other hand, 
Mecke {Ann, d, Phys., 1924, 71 , 104}, has shown that the 
binding is greatly weakened on excitation, since a long series of 
absorption bands stretch towards the long waves. In this 
case, the molecule may take up so much oscillation energy that 
it may dissociate into a normal and an activated atom without 
the intervention of a molecular collision. This type of molecule 
would be expected to give rise to a monomolecular reaction. 

The homopolar type of molecule, e.g. nitrogen, oxygen, 
carbon compounds, etc., where it is assumed that several 
electrons are held in common, molecular activation will not 
necessarily affect the strength of linking. Such molecules 
cannot separate adiabatically into two atoms. The dissociation 
of these molecules cannot occur photochemically, but only 
through the agency of collisions. 

There would appear to be no direct relationship between 
the eneigy of activation and the work of dissociation of a 
molecule into two normal atoms. A hydrogen molecule 
can absorb an amount of energy which is five times as large as 
the work of dissociation. The absorbed energy, especial^ 
at low pressures, is emitted as fluorescence, or else is degraded 
to thermal energy. Neither does the heat of activation of a 
bimolecular thermal reaction correspond with the work of 
dissociation, or energy of linking of the molecule undergoing 
diange, as was shown by Bowen in a paper on photochemicu 
thresholds. 

Sensitised Reactions .—In these reactions, one type ed 
molecule absorbs light without decomposition, la^e anottuir 
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substance also present undergoes a chemical reaction at the 
expense of the energy absorbed by the former. One of the 
most thoroughly investigated examples is the decomposition 
of ozone sensitised by chlorine. For each molecule of chlorine 
activated two molecules of O, are decomposed. The amount 
0| decomposed is independent of the chlorine concentration. 
It thus follows that collisions between activated and normal 
chlorine atoms must be perfectly elastic, and that an activated 
chlorine atom possesses a long life at low pressures. 

One of the best known of this type of sensitised change is 
that of Franck and Cario, in which mercury atoms activated by 
light cause the dissociation of hydrogen molecules (Z. physik. 
19ZZ, 12 , 162). Taylor and Marshall have extended this type 
of sensitisation to the interaction between hydrogen atoms 
produced by mercury vapour illuminated with A-->2^6*7, 
and ethylene, carbon monoxide, oxygen, and nitrous oxide. 

A very interesting type of photosensitisation has been 
investigated by Baur and his colleagues. Uranyl salts, or 
zinc oxide, when sensitised by light in solutions of organic 
bodies, are capable of bringing about chemical changes which 
are analogous to those occurring at the anode and cathode 
during electrolysis. Thus, an atom of uranium under the 
influence of light acquires a polarity which renders it at the 
same time an oxidising and a reducing agent. For example : 


this undergoes change with acetic acid into CH, and CO„ thus: 


Xjvi 


f© 

10 


+ CH,-COO'-CH,-COO 
+ H-+ CH, • COO - CH. + CO, 


Zinc oxide in the presence of methylene blue undergoes 
photolysis according to the reaction : 


2nO f© + methylene blue products of oxidation. 

+ methylene blue -jw leuco compound. 

Baur concludes that photolysis is a process of molecular 
electrolsrsis. 

Degradation of Energy of Activation by Collision with Foreign 
lifo&CM/es.—Kistiakowski and Bodenstein have shown that 
activated 0| molecules are dissociated by collision not only 
wth O, molecules according to the equation: 0 / + O, -a 3Q1, 
but also lose their energy by collision with other gases without 
reaction occuiring. The loss of energy of activation by collision 



404 SCIENCE PROGRESS 

is ^atest in the presence of 6. and least in the presence of 
helium and argon. The photochemical change thus proceeds 
with ^[renter speed when helium or arg^n is the diluent ms 
than in the presence of oxygen. Similar results have mso 
been obtained by Griffith and McKeown for the thermal re¬ 
action at loo®. The velocity of decomposition of ozone is more' 
rapid in the presence of excess of nitrogen or helium, than in the 
presence of oxygen. 

The foreign gases in these mixtures may be said to function 
as negative photocatalysts. 

The Radiation Hypothesis .—Neither the collision theory nor 
the radiation hypothesis appears to yield very convincing 
mechanisms for monomolecular reactions. Perhaps this should 
be taken as indicating that ideal monomolecular reactions 
are figments of the imagination. The chief difficulty is 
that the rate of reaction calculated on either view is much 
too small. For the only reaction which is now considered 
to be a monomolecular reaction, vie. the dissociation of N|0(, 
the calculated rates of reaction are i x lo* and i x lo* times 
too low respectively. By the help of somewhat doubtful 
subsidiary hypotheses, Tolman, G. N. Lewis, and W. C. M. 
Lewis have been able to explain the discrepancy in the case 
of the radiation hypothesis. The assumption is made that 
l^ht from a broad band or from a wide range of bands is 
emctive in producing chemical change. For the collision 
theory, the discrepancy was removed by Christiansen and 
Kramers by assuming that the energy of activation was trans¬ 
ferred very rapidly from one molecule to another after the 
collision. In this manner, the available collision energy is 
used over and over again in the promotion of chemical change. 
A similar assumption was made by Tolman in an elaboration 
of the radiation hypothesis. He assumes-that the activating 
radiant energy is emitted simultaneously with the absorption. 
Rice, adopting this suggestion, postulates high absorption and 
reflection co-efficients for the light effective in causing chemical 
chanjge. This view can be tested experimentally, since it 
requires metallic reflection from the gas surface. Rice suggests 
that this may be the reason why illumination by light of the 
wave-length corresponding to the critical increment does not 
in genend accelerate the chemical reaction. 

L. S. Ornstein, adopting Franck’s view, that photochemical 
change and chemiluminescence are thermodynamically rever¬ 
sible phenomena, showed that if a ** monomolecular ” reaction 
followed the course 

(i) A + Av B (activated) 

(a) B + BC + C + A 
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where C and C result from the dissociation of one of the activated 
B atoms; that the correct order for the rate of reaction can be 
obtained. This in the strict sense of the word is not, however, 
a mechanism for a monomolecular reaction. 

BZOOnKXSTBT. By K. Keith Cannan, M.Sc., University CoUege, 

London. 

Biological Oxidation-Reduction .—The development of this 
subject is at an interesting stage. There can be read into 
most of the recent work the appreciation of a distinction which 
is of fundamental importance to the theoretical analysis of the 
problem. It is now generally felt—if not generally expressed— 
that we have to deal with two separate phenomena—the 
activation of the molecule oxidised and the activation of the 
molecule reduced. Thus, in the special case of aerobic oxida¬ 
tions, we have to consider the activation of both hydrogen 
(in Wieland’s sense) and oxygen. The analysis is of immediate 
practical value, for it warrants the separate investigation of each 
h3rpothetical process. The problem may be broadly stated in 
terms of the experiments involved. We have to study, first, 
the mechanism of oxidation of organic substances in biological 
systems in the absence of oxygen. For our oxidising agent we 
employ a substance which we may take to be already “ active." 
Such reagents are methylene blue and other reversible oxidation- 
reduction systems. Under these circumstances it may be hoped 
to derive information as to the activation of the " metabolite " 
by the biological agents present. The active oxidising agent 
is now replaced by oxygen—essentially a system of low activity 
—so that, the effect of the catalysts on the metabolite being 
Imown, we have the opportunity of deducing the effect of the 
tissue on the molecular oxygen. 

By such a description the problem may be but poorly 
defined, yet, it is hoped, there has been emphasised the essential 
unity of biological oxidation-reduction, a unity which must not 
be lost sight of in the consideration of individual experiments. 

Oxidation-Reduction in Anaerobic Systems .—In the separate 
discussion of anaerobic and aerobic processes, the reflection is 
pertinent that the former are probably more fundamental 
characteristics of vital activity than are the aerobic processes 
that may or may not accompany them. The living cell is to be 
regarded as a reducing agent—not merely as a reducing agent 
for oixygtn. It will be recalled that Pasteur recognised in the 
anaerobic fermentation of sugar by yeast an almost perfect 
substitute for respiration. 

The conception of the reversible change from methylene 
^tte to methylene white as one involving two equivalents of 
hydrogen has become the conventional statement of the theory 
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of Wieland respecting the mechanism of biological oxidation. 
In this view, the reducing enzymes of the cell—^the sucdnde- 
hydrase of Batelli and Stern {Oeber der mechanismus d»r oxukt- 
ticnsvorgangg in Tierorganistnus, Jena, 1914), the Schardinger 
enzyme of milk (Wieland, Ann. 486 , 229), the reductases of 
yeast (Harden and Norris, Biochem. Jbum., 1914, 8 » 100), 
and the reducing enzymes of muscle (Thunberg, Skand. Arch. 
Physiol., 40 , i)—are able to catalyse the oxidation of favourable 
substances (aldehyde, succinic acid, purines, etc.), by methylene 
blue, by reason of their activating hydrogen atoms in the 
molecules of these substances. The methylene blue, considered 
as an active oxidant, is called a " hydrogen acceptor,” the 
activated organic molecule becomes a ” donator,” and the 
tissue catalyst is variously described as a " dehy^ogenase,” 
hydrogen transportase,” and “ oxidase.” 

The active hydrogen theory of Wieland {Ber. 558, 3639) 
has been generally adopted by workers in anaerobic oxidation 
and, in particular, has received support from the work of 
Thunberg {loc. cit.). The ” methylene blue technique ” devised 
by this worker has already been widely applied to miscellaneous 
problems such as the comparison of the activity of the dehy¬ 
drogenases of normal and cancer tissue (Fleish, Biochem. Joum., 
1924, 18 , 294, and Voegtlin, Johnson, and Dyer, Joum. Pharm, 
and Exp. Ther., 1924, 24 ,305), the effect of insulin on the enzyme 
activity (Nitzescu and Cosma, C.R. soc. bioL, 1924, 90 , 1077, 
and Rosling, Arch. Skand. Physiol., 1924, 46 , 132), and the 
comparison of plain and striated muscle (Tsubura, Biochem. 
Joum., 1925, 19 , 397). Whereas these investigations have 
yielded no startling results they have served to indicate the 
general success with which the Wieland theory may be applied. 
A particular service which the latter performs is the correlation 
of what often appear distinct and specific reactions. Thus it is 
known that milk will effect the Cannizzaro reaction with 
added aldehyde, will, in the presence of methylene blue, oxidise 
aldehyde and certain purines, will reduce nitrates in the presen<% 
of aldehyde or purine, and will oxidise nitrites if oxygen also is 
present. Dixon and Thurlow {Biochem. Joum., 1 ^ 976) offer 
very good reason for the belief that these changes are all to be 
attributed to the activity of the one enzymic system. There 
is no reason to believe in the specific catalysts postulated by 
Haas and Hill {Biochem. Joum. ]8» 614), to explain the omdising 
and reducing power of milk towards nitrite and nitrate respect 
tiv^. 

I^m time to time ” active ” oxidbing agents other than 
methylene blue have been advocated, induding ^phenylette 
diamine (Szent Gyorm, Biochem. Z., 19x4, 180 ^ 195), 
iN-dinitro benzene (Lipsdiitz, Z. Physiol, chem., 196 k i89)« 
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There is a danger, however, in the comparison of the results of 
the use of different indicators, whose respective activities cannot 
be defined and whose equilibrium states (as expressed by their 
oxidation-reduction potentials) have not been accurately 
established (W. M. Clark, Chem. Revs., 2, April 1925). 

Aerobic Uxidations .—The work at present being carried out 
at Cambridge on the oxidase of milk, to which reference has 
already been made, proves to be a very interesting study. For 
one thing, the activity of the enzyme has been studied both 
by the methylene blue technique and using oxygen as a hydro¬ 
gen acceptor. In the latter experiments hydrogen peroxide is 
identified as a product of the reaction, being the expected 
product of the acceptance of hydrogen by oxygen. Moreover, 
the kinetics of the reaction aerobically and anaerobically are 
different. This difference can, however, be eliminated by the 
removal of the hydrogen peroxide by catalase as it is formed, 
and seems to be due definitely to the destruction of the enzyme 
by the peroxide. We may reasonably infer that the peroxide 
is a by-product in the reaction rather than the active agent. 
Another interesting example of the production of peroxide 
aerobically is furnished by the work of Avery and Neill (Joum. 
Med., papers in vols. 39 and 41 ), on cultures of pneumococcus. 

Nitrate is reduced by milk and aldehyde, whilst nitrite 
is oxidised when air is further admitted. The latter reaction 
is found to involve two processes, because preparations of the 
enz3rme which still oxidise aldehyde in the presence of oxygen 
cannot oxidise nitrite. The combined action of oxidase prepara¬ 
tion and an animal peroxidase will, however, repeat the action 
of milk on nitrite {Proc. Roy. Soc., 94B, 1099). In this case, 
therefore, an activation of oxygen through the intermediate 
formation of a peroxide is necessary to the reaction. 

Exception is taken by Warburg {Biochem. Z., 1923, 142 , 
518), and by Bach {Ber. 1924,8*5®, 735), to the view that oxygen, 
is to be regarded merely as a hydrogen acceptor, though it 
would seem that their objections lose some force, if it be con¬ 
ceded, as indeed it must, that the activation of oxygen is in 

S ener^ essential to its efficiency as a hydrogen acceptor. It is 
ere that the contending views of Wieland, Bach, and Warburg 
must ultimately be restated in such form as to remove the 
diverging emphasis which characterises them. 

Bach adheres to his view that in aerobic oxidations the 
•ecret of the mechanism resides in peroxide formation, and 
t^e liberation of active oxygen when this peroxide is destrojred 
tender the action of a peroxidase. Warburg is impressed with 
imother aspect of " active " oxy^n. In an extended series of 
fWeatches ^pers in Biochem. Z. during the last few years), 
he has demonstiated that the structural elements of the liviiiv 
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celt are of special sifnificance in respiratory processes. Indeed, 
he has, witn remarkable success, applied the methods of surface 
catalysis to the problem and imitated many biological oxidations 
by means of o^gen at the surface of charcoal. Moreover, he 
emphasises the significance of iron, attributing oxygen power 
to specific iron containing surfaces of the cell. 

Space forbids us extending the present discussion. The 
immediate problem in biological oxidation-reduction is the 
co-ordination of the conditions of surface effects, the rftle of 
iron, the peroxide theory, and the theory of Wieland. A more 
complete study can scarcely fail to permit their restatement 
in common terms. It is hoped, in an early review, to return to 
the subject of “ biological oxygen,” when we shall have to discuss 
in detail, not only the work mentioned above, but a considerable 
body of work on other oxidases and on certain auto-oxidisable 
systems. 

OSOXOOT. By G. W. Tyrrell, F.G.S., A.R.C.Sc., Ph.D., University, 

Glasgow. 

Ifmeous Rocks. —J. H, L. Vogt’s memoir on ” The Physical 
Chemistry of the Magmatic Differentiation of Igneous Rocks ” 
U^idenskapsselsk, Skr., i, Math.-Nat. Kl. Kristiania, 1924, 
No. 15, pp. 132) seems to be the most considerable work on the 
subject since Bowen's Later Stages of the Evolution of the Igneous 
Rocks (1915). According to Vog^, differentiation chiefly 
consists in the separation of early-crystallised minerals rich in 
high M.P. components, or magma enriched in the constituents 
of these minerals by re-melting after gravitative subsidence 
(proto-enriched or monomineralic magma), from residual 
magma in which the low M.P. mix-crystal components are 
concentrated (eutectic-enriched or anchi-eutectic magma). 
Magmas of the first kind are therefore enriched in the Mg|^i04 
component of olivine, the MgSiOs component of pyroxenes, 
and the anorthite component of plagioclase ; whereas the 
Fej^i04, FeSiO,, and albite components are concentrated in the 
residual magmas along with excess silica and magmatic gases. 
This view is supported by a mass of statistical data, showing 
that the magnesian component of olivine becomes increasingly 
abundant relatively to the ferrous component, concomitantly 
with an increase in the amount of that mineral. Similariy the 
high M.P. components are enriched in the pyroxenes and 
plagioclases along with increasing proportions of these minerals. 
A large part of the memoir is devoted to a thorough discuMimx 
of the proto-enriched rocks, peridotites, pyroxenites, and 
anorthositea. 

With regard to anorthosite, Vogt combats Bowen’s 
that these rocks originate by the accumulation of pl^odaM 
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aryftttab. He gives a calculation showing that plagioclases 
}Udt sink in the primary magma. On subsidence the ciystals 
are re-melted in depth, and anorthosites therefore crystallise 
from magma which is effectively molten. Anorthosites on 
this view are of very deep-seated origin, and this explains the 
absence of lavas and the rarity of dykes and chilled contacts. 
Anorthosites usually occur in regions of compression, and 
fissures opening towards the surface would quickly be clogged 
by the rapid crystallisation of this high-temperature magma. 
F. Loewinsson-Lessing (“ The Problem of the Anorthosites and 
the Monomineralic Igneous Rocks,” Journ. Geol., 31 , 1923, 
pp. 89-105) brings forward somewhat similar considerations 
in support of the view that anorthosites are derived from 
effectively liquid magmas. This paper is valuable for its 
references to inaccessible Russian work on these rocks. W. N. 
Lodschnikow {Journ. Geol., 88, 1925, pp. 153-72) also vigorously 
combats Bowen’s views on the origin of anorthosite, and attacks 
the whole theory of gravitative differentiation. 

Vogt's memoir concludes with a section statistically dis¬ 
cussing the composition of residual magmas, and giving a 
number of new average analyses of various igneous rock types. 
His earlier paper, entitled “ Die physikalisch-chemischen Gesetze 
der Magmatischen Differentiation ” {Videnskapsselsk. Skr., 1, 
Math.-Nat. Kl. Kristiania, 1923, No. 17 (1924), pp. 35), is a 
preliminary and generalised statement of the conclusions 
given in detail in the work considered above. 

A highly successful general discussion on " The Physical 
Chemistry of Igneous Rock Formation ” was held on October 
33, i924» by the combined Faraday Society, Geological Society, 
and the Mineralc^ical Society {Trans. Faraday Soc., 20 , 1925, 
pp. 414-501). It is here only possible to give the titles and 
authors of the papers read. After an introductory address by 
Sir J. S. Flett, dealing with the history of the subject, the 
present writer gave a review of recent work on the origin and 
differentiation of igneous rocks. Succeeding papers were by 
Prof. P. Niggli, on ” Homogeneous Equilibria in Magmatic 
Melts and their Bearing on the Processes of Igneous Rock 
Formation ” ; Dr. W. A. Richardson, on " Some Ultimate 
Problems in Petrogenesis ” ; Prof. J. W. Gregory, on ” Mag¬ 
matic Ores " ; Dr. J. W. Evans, on “ Proposed Researches on 
the Chemistry and Physics of Igneous Magmas and Rocks ” ; 
Prof. C. H. Desch, on ” The Theory of Crystallisation in Rock 
Magmas," who made an attack on the ” reaction-principle ” 
recently enunciated by Dr. N. L. Bowen, which was rebutted 
by Dr. Bowen in a vigorous written rejoinder ; Prof. W. E. S. 
Turney on " Some Physical Properties of Silicate Glasses, and 
Potnible Bearing on the History of Igneous Rocks ” ; 

97 
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Mr. A.F. Hallimond, on ** The Formation of Eutectic and Similar 
Structures in Silicate Melts ” ; and Dr. A. Scott, on " Physical 
Chemistry and Igneous Rock Formation.” 

Dr. L. Milch has written a valuable review of the differentia¬ 
tion problem with many references to recent Continental work 
{Geol. Rundschau, 15 , i9;z4, pp. 318-40) ; and A. Schwantke 
has described the differentiation phenomena of the Hessian 
basalts {News Jahrb. Beil.-Bd., 48 , 1923, pp. 260-73). 

In a discussion of the xendliths of the contaminated rocks of 
Huntly, Aberdeenshire, Dr. H. H. Read {Geol. Mag., 81 , 1924, 
PP* 433-44) shows that the contamination process depends 
upon reciprocal reaction between the gabbro magma and the 
argillaceous xenoliths, whereby the magma becomes more add, 
gaining alumina, potash, and soda from the xenoliths, and 
losing lime and magnesia to them, so that the xenoliths become 
more basic. A process of differentiation due to gravitative 
cleansing may follow as a result of the magma becoming lighter 
while the xenoliths simultaneously become heavier. The 
xenoliths must sink towards the base of the magma chamber, 
and may there form a layer of richly-magnesian magma from 
which pyroxenite may ultimately crystallise, with the con¬ 
comitant formation of a granitic alumina-alkali-rich upper part. 
It is suggested that the great differentiated lopoliths of Sudbury 
and the Bushveld may be worth re-examination from this 
viewpoint ; and it is interesting in this connection to find that 
almost exactly similar contamination phenomena as those of 
Aberdeenshire have been noted in the Bushveld complex (see 
Science Progress, October 1924, p. 201). 

An illuminating general and historical account of pegmatites 
is given by Prof. J. F. Kemp in his Presidential Address to the 
Sodety of Economic Geologists {Econ. Geol., 19 , 1924, pp. 697- 

723)* 

In discussing the origin of lithium pegmatites containing 
such lithium-rich minerals as lepidolite, spondumene, ambly- 
gonite, and red and green tourmaline, W. T. Schaller (Jmer. 
Joum. Set., 10, 1925, pp. 269-79) gives reasons for believing 
that these dykes and veins are not the result of the originw 
ciystallisation of a magma unusually rich in volatile constitu¬ 
ents, but that they are due to a later replacement, probably 
hydrothermal, of an earlier-formed rock essentially free from 
mineralised fluids. The Southern Californian field was spedally 
studied. Here the characteristic structure of the pre-existing 
rock, graphic granite, can be identified in all the varieties m 
pegmatite rich in albite, muscovite, garnet, black tourmaline, 
and the above-mentioned lithium nunerals, which now ^ the 
dykes. 

F. von Wolff has elaborated a new quantitative dassificati^ 
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of igneous rocks, especially the younger volcanic rocks, based 
on an original mode of calculation of mineral norms from the 
chemical analyses {Geol. Rundschau, 18 , 192:2, pp. 9-17. Also 
in Vulkanismus, Band ii, Teil i, 1924). £. Lehmann has also 
propounded a new scheme of classification based on a method of 
calculation which attempts to elicit the true mineral mode 
from the analysis (" Die Quantitative Ermittlung des Mineral- 
assoziation in den Eruptivgesteine,” N.J.F. Min. Beil.-Bd., 52, 
Abth. A, Heft I, 1925, pp. 61-112), These attempts, along 
with the previous ones by Johannsen, Niggli, and Hommel, 
have only served to convince the writer that, after all, the norm 
system of calculation of the American Quantitative Classifica¬ 
tion conforms best with the physical chemistry of magmas, 
and is the best adapted for the comparison and collation of 
igneous rock analyses. 

H. Suter has discussed the consanguinity relationships of 
the known provinces of the charnockite-anorthosite type in the 
light of Niggli’s system of variation diagrams {Schweiz. Min. 
u. Petr. Mitth., 2 , 1922, pp. 307-30). These provinces are 
assigned to the Pacific sippe ; but do not represent the most 
extreme members, as they possess certain characters faintly 
recalling those of the other two sippes (Atlantic and Mediter¬ 
ranean of Niggli). 

The petrology of Mull, as expounded in the long-awaited 
Mull memoir (“Tertiary and Post-Tertiary Geology of Mull, 
Loch Aline, and Oban,” Mem. Geol. Surv. Scotland, 1924, 
445 pp.), is far too extensive a subject to be summarised in a 
paragraph or two. The Mull centre is perhaps the most 
complicated volcanic focus in the world which has been accorded 
such detailed description. Beside the detailed petrography, a 
large number of points in theoretical petrology are dealt with, 
as well as some new conceptions in volcanic geology. 

Seven magma types have been distinguished ; and of these, 
four, the plateau magma type, the non-porphyritic central 
^gma t^e (compact basalt, tholeiite, quartz-dolerite), 
intermediate to subacid magma type (craignurite, leidleite, 
etc.), and the acid magma type (felsite, rhyolite, granophyre), 
are believed to belong to a magmatic series, which has an almost 
” straight-line ” variation diagram. Other magma series 
described are allivalite, eucrite, porphyritic central magma 
(dolerite, gabbro, basalt), and an alkaline magnia (mugearite, 
syenite, trachyte). The plateau basalt magma is regarded as 
the parental stock ; and it is possible to arrange most of the 
Mull mannatic sequence into two cycles, each beginning with 
{dateau basalt. Ine plateau, central, intermediate, and add 
magma types manifested themselves in that order, and to 
explain tms Bowen’s differentiation scheme is accepted with 
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the addition that the main reservoir was thrice charged and 
recharged with the parental magn^. 

A nne example of a gravitative differentiation column is 
afforded by the Glen More ring-dyke, in which transitions from 
granophyre to gabbro take place within a vertical distance of 
1,500 feet. 

In a description of the igneous geology of the Burntisland 
district (Fife), Dr. D. A. Allan {Trans. Roy. Soc. Edin.^ 58, pt. 3, 
I9;z4, pp. 479-501) discusses the relations of the Carboniferous 
volcanic necks, lava-flows and intrusions, and establishes a 
new type of basalt, the Kinghorn type. This rock carries 
phenocrysts of olivine and augite in nearly equal proportions 
contained in a basaltic groundmass with a considerable amount 
of dark glassy base. Its analysis shows that it has close 
affinities with the Hillhouse type of basalt, which, along with 
the Dalmeny type, is associated with it. Intrusive rocks 
belonging to these types also occur, as well as teschenites, 
olivine-dolerites, olivine-free dolerites, and quartz-dolerites. 
Both quartz-dolerites and olivine-dolerites participate in 
post-Carboniferous crustal movements, and therefore antedate 
them. 

At one place on the margin of the Ballachulish granodiorite 
a “ white granite," rich in pyrites, intervenes between the 
plutonic rock and the adjacent Appin quartzite. Dr. F. 
Walker {Geol. Mag., 61 , 1924, pp. 550-4) shows that this acid 
band cannot be due to assimilation of the quartzite, as it is 
strongly chilled against the contact, and contains no traces 
of xenoliths ; whereas the granodiorite itself is hardly chilled 
at all against other contacts. Local differentiation of the 
granodiorite magma with the production of an acid margin, 
and the subsequent influx of sulphurous gases, is regarded as the 
cause of the " white granite.” 

Dr. Walker has also described four small granitic intrusions 
in Silurian strata at Broad Law, Midlothian; Priestlaw, in 
East Lothian; Cockburnlaw and Lamberton Beach in Berwick¬ 
shire {Trans. Geol. Soc. Edinburgh, ll,Tpt. 3, 1925, pp. 355^-65). 
Hornblende-biotite-granodiorite seems to be the dominant 
type in each intrusion. The Priestlaw mass has a “ basic" 
margin, an augite-biotite-quartz-diorite ; and analyses of the 
main type and the marginal facies are given. The age of these 
masses is Post-Silurian and pre-Upper Old Red Sandstone. 

In some further notes on the petrology of Penmaenmawr, 
H. C. Sargent points out that quartz, orthoclase, micropeg¬ 
matite, and iron ores (both ilmenite and magnetite), increase m 
amount towards the summit of the mountain {Proc. Livtrppd 
Geol. Soc., 14 , 1924, pp. 83-98). Somewhat similar features 
abo occur in the Gnug Lwyd aiea of the intrusion, altboi^ 
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•ome of the details vary. The differentiation is ascribed to 
the straining-off of residual liquid rich in volatile constituents, 
especially water and carbon dioxide. To the latter must be 
attributed the abundant auto-metamorphic changes which are 
to be found in the upper part of the mass, while the lower part, 
freed from these constituents, remains fresh. 

An olivine-dacite lava, 500 feet thick, filling a depression in 
the basaltic plateau of Eastern Iceland, is described by Dr. L. 
Hawkes {Quart. Journ. Geol. Soc., 80 . pt. 4, 1924, pp. 549-67). 
The lithoidal mass shows contorted flow banding in its upper 
part, and is encased in a shell of glassy material. The rock is 
petrologically interesting, for while it is a thoroughly over¬ 
saturated rock with 34 per cent, excess silica, it nevertheless 
cairies phenocrysts of the iron olivine fayalite. A review 
of acid igneous rocks with phenocrystic olivine is given. Faya¬ 
lite is evidently but little soluble in acid magmas, and may form 
a eutectic with silica, thus behaving differently to forsterite. 

Miss E. M. Guppy and Dr. L. Hawkes (Quart. Journ. Geol. 
Soc., 81 , pt. 2, 1925, pp. 325-43) have described a remarkable 
composite dyke, exposed in a cliff section 2,400 feet in height, 
at Hdkulvikurgil, Breithdal (Eastern Iceland). At one place 
it consists of seven members, dolerites alternating with quartz- 
porphyries, the central member being a quartz-porphyry. 
The evidence shows that the acid members were the products 
of one intrusive episode, whereby the magma forced its way up 
the centre and along the sides of the preceding basaltic infilling. 
The acid members are crowded with dolerite xenoliths which 
have not been derived from the visible internal contacts, as 
these are very sharp and clean-cut. They must therefore 
be due to the shattering of the basic rock in some other place, 
from which the fragments have been carried up by the quartz- 
porphyry. The whole sequence of events is very like that 
of the quartz-porph3rry—dolerite intrusions of South Bute 
and Arran. 

The earliest comprehensive British geological study in 
Iceland was made by Sir George Stuart Mackenzie in 1810 ; 
and his fine rock collection, made with unusual care, and 
accompanied by many perspicacious notes, is now in the 
Hunterian Museum of the University of Glasgow. Dr. M. A. 
Peacock, who was entrusted with the modern petrological 
description of the collection, has come to some important 
conclusions, which are set forth in two papers (" The Geology 
of Icdand,'* Trans. Geol. Soc. Glasgow, 17 , pt. 2, 1925, 
jOjp. 185-203 ; " A Contribution to the Petro^phy of Iceland,” 
Uid., pp. 271-333), the first of which describes and elucidates 
Mackenzie’s original work, and gives a present-day sketch 
bf the geology of Iceland. 
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In the petrographical paper a lonp' series of rock tjrpes is 
described, ranging from ultrabasic olivine-rich basalts at the 
one end, through ordinary basalts, trachybasalts and trachy- 
andesites, to vepr acid types of rhyolite at the other extreme. 
Thus, the long-lived fiction of the existence of two rock-types 
only, basalt and liparite, in Iceland, is laid to rest. It is shown 
that there must nave been a long period of volcanic rest in 
the Pliocene. The most important result is that this period 
of quiescence separates two quite distinct igneous rock series, 
the Pre-Glacial or Tertiary on the one hand, and the Inter- 
and Post-Glacial on the other. By means of an ingenious 
variation diagram it is shown that the earlier series is over¬ 
saturated with respect to silica, whereas the younger is under¬ 
saturated, although it overpasses the saturation boundary at its 
acid end. Other results are the demonstration of an anti¬ 
pathetic relation between olivine and augite in the Interglacial 
ophitic basalts, which depends on the Bowen-Andersen effect ; 
and a new discussion of the problem of palagonitisation. 
Eight new complete analyses of Icelandic rocks are recorded. 

While Prof. K. Keilhack’s paper on “ Die Geologischen 
Verhaltnisse der Umgebung von Reykjavik und Hafnarfjordur 
in Siidwest Island ” {Zeitschr. d. Deutsch. Geol. Ges., 77 , 1925, 
pp. 147-65) is, strictly speaking, stratigraphical, yet, as it 
deals almost entirely with igneous rocks, it is treated here in 
company with other papers on Icelandic geology. A notable 
feature is the full recognition by Keilhack of the tillite with its 
associated fluvioglacial sandstones and claystones, as Ali- 
Diluvium, instead of relegating this formation to a much 
more remote Pre-Glacial date as heretofore. The overlying 
glacially-striated doleritlavas (= “ grey basalts ” of Pjeturss) 
of Rejitjavik and its environs, are recognised as a series of 
enormous lava streams which have their origin in volcanoes now 
buried under the ice sheets of the Geitlandsjokull and the 
Langjdjull. An excellent geological map on the scale of 
1:50,000 has been made, and this will prove of great service to 
geologists visiting the capital of Iceland. 

The lavas of the island of Ischia have been described by 
E. Lehmann {Zeitschr. f. Vulk., 8, 1924, pp. 150-71) as phono- 
lites of various types, of which several new analyses are given. 
The province shows a combination of Mediterranean (Niggli) 
and Atlantic characters, and is thereby distinguished from the 
province of the Phlegrean Fields (Mediterranean), and from 
that of Pantellaria and Linosa (Atlantic), between which it 
forms a transition. 

R. A. Sender has described the geology and petrology of the 
island group of Milos in the JEgean {Zetischr. f, Vulk., f» 1925* 
pp. 181-237). On a basement of cr^talline schists there teits 
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Dretaceoi-Eocene limestones and marls, and a volcanic soies of 
Upper Pliocene age. The lavas are of calci-alkalic characters, 
and consist of plagioliparites, dacites, and andesites, of which 
nine new analyses are given. The origin of South i£gean 
vulcanicity is the inner marginal flexure of the fold-arcs of 
Southern Greece. The volcanoes have been built on the 
borders of an old crystalline massif, and in their extrusion 
have taken advantage of a fissure system already established in 
Miocene times, and associated with the flexure movements. 

E. Hermann’s work on the igneous rocks of the Arabian 
Desert (N.J.F. Min,, Beil.-Bd., 61 , 1924, pp. 302-50), by which 
he means, according to the appended map, the Egjrptian desert 
west of the Red Sea, is based on the collections of G. Schwein- 
furth between 1877 and 1885. Granites, monzonites, diorites, 
and gabbros, with their respective dyke rocks, and in some 
cases the corresponding lavas, are described ; but beyond a 
vague reference to “ Gebirge aus altpalaozoischen Eruptivs- 
material gebildet,” no indication of age is given. The alkali- 
granite massif of Gharib Dara represents an alkalic region which 
may be of comparatively recent age, comparable to the already 
known alkalic provinces scattered over North Africa. 

Prof. F. F. Grout has summarised the petrography and 
petrology of the Vermilion batholith, the largest granite mass 
(Pre-Cambrian age) in Minnesota {Journ. Geol., 88, 1925, 
pp. 467-87). In places it has differentiated marginally into 
banded rocks, comprising syenites, shonkinites, pyroxenites, and 
even magnetite-rock, an uncommon series in connection with 
nanitic differentiation. One of the special types, a shonkinite 
^asswood type), is described in a separate paper {Armr. Joum. 
Set., 9 , 192s, pp. 472-80). This is a spotted rock with a little 
primary quartz, the spotting being due to poikilitic felspars. 
A convection circulation past the cooling walls of the batholith 
is postulated to account for the almost vertical position of the 
banded differentiates. 

I. S. Allison has described another Minnesotan granite 
batholith, that of the Giant’s Range, which lies between the 
Mesabi and Vermilion iron-mining districts, and is also of 
Pre-Cambrian age (Journ. CeoL, 1925, pp. 488-508). Its 
outcrop is a narrow belt striking north-east parallel to the 
adjacent schists, and occupies about 1,000 square miles. 
Differentiation has produced rocks ranging from diabase and 
shonkinite to soda-granite. 

The petrographical chapter in that magnificent monograph 
by A. L. Day and E. T. Allen, entitled " The Volcanic Activity 
ahd Hot Springs of Lassen Peak " (Cam. Inst. Washington, 
Publ., No. 3«o, ipas, 190 pp., 13 pis., 81 figs.) contains many 
new joints of inteiest, although perhaps no American volcano 
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has been so fully studied petrogrephically and chemically. 
Fifty-four analyses of the lavas have now been published, and 
they fall into well-defined groups corresponding to the five 
types: rhyolite, dacite, andesite, quartz-basalt, basalt; 
forming a well-graded differentiation series as shown by the 
silica variation diagram. Lassen Peak is interpreted as an old 
dying volcano; its greatest period of activity has passed long 
since ; and its products are characteristic of a thoroughly 
differentiated magma. 

Alkali-granite, nepheline-syenite, canadite, and foyaite are 
described by G. A. Molengraaf and A. L. Hall (Kon. A had. 
V. Wetensch. Amsterdam, Proc., 27 , 1924, pp. 465-86) as small 
bosses and dykes intrusive into the Witwatersrand System, and 
the dolomite member of the Transvaal System, at Vredefort. 
The nepheline-syenite dykes at Rietfontein are believed to 
be due to local desilication of alkali-granite by the dolomite 
formation into which it is intruded. 

A contribution to the petrography of recent lavas from the 
volcanoes of Kamchatka is given by T. A. du Rietz ^Geo/. 
Fdr, Stockholms F 6 rh., 46 , 1924, pp. 418-38). The later lavas 
consist mainly of pyroxene-andesites and olivine-andesites of 
bandaite type; among the older flows olivine-basalt is 
frequently found. The consanguinity of these lavas with those 
of the whole circum-Pacific volcanic girdle is recognised. 

In his “ Geology of American Samoa " (Publ. No. 340, Cam. 
Inst., Washington, 1924, pp. 95->43), Prof. R. A. Daly describes 
the petrography of a series of typical “ oceanic island *' lavas, 
consisting of basalts and trachybasalts, limburgitic basalt, 
trachyandesite (in dykes), associated with trachyte and 
quartz-trachyte. A coarse olivine-gabbro, probably the in¬ 
filling of a volcanic neck, is the only rock of plutonic habit. 
The chemical characters of this assemblage are illustrated by a 
series of ten new analyses contributed by Dr. H. S. Washington. 
Prof. Daly derives the suite by local differentiation from the 
general substratum of basalt below the earth’s crust. The 
concentration of magmatic gases may have aided in the separa¬ 
tion of the trachytic phase, which was accompanied by violent 
explosive action with the formation of large masses of breccia 
around the vents. 

An almost exactly similar suite to that of Samoa is described 
by Prof. Daly from Ascension {Proc. Amer. Acad. Arts and 
Sciences, 69 ,1925, pp. 1-8 ). Here again, basalts, trachybasalts, 
and trachyandesites are associated with trachytes and quartz- 
trachytes (with obsidian as chilled phases). Numerous plutonic 
types, induding various granites quartz-syenite, diorites, 
gabbro, Alivine-gabbro, and wehrlite, occur as xenoliths in die 
MVBS, and as Iragments and boulders In the tuffi. Pral. 
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l)aly maintains that their trachytes are differentiates from 
common basalt; that their separation has been dependent 
on the upward movement of fluids, both liquid and gaseous ; 
and that the active gas, probably “ water-gas,” was largely 
resurgent, i.e. derived from the rocks surrounding the magmatic 
focus. 

San Felix and San Ambrozio are small volcanic islands in 
the South Pacific 500 miles W. of Chanaral on the Chilean 
coast. Their geology has been described by B. Willis, and the 
petrography of the lavas and tuffs by H. S. Washington {Bull, 
Geol. Soc. Amer., 85 , 1924, pp. 365-84). Tephritic basalt, 
nepheline-basanite, and trachyte are the lavas described and 
analysed. All these rocks are rich in alkalies, especially soda. 
High titanium and phosphorus are also features of chemical 
interest. In these characters the lavas of these Chilean islands 
differ widely from those of other Pacific islands, in which there 
is abundance of normal basalt and trachybasalt. But as San 
Felix and San Ambrosio are probably merely the peaks of a 
gigantic volcano rising from profound depths, the lower parts 
hidden beneath the ocean may contain the basaltic foundation. 

N. E. A. Hinds describes new occurrences of melilite- and 
nepheline-basalts in Hawaii {Joum. Geol., 88,1925, pp, 526-39). 
These rocks appear to belong to the main eruptive complexes, 
and are not associated with minor episodes at subordinate 
centres subsequent to the main eruption. The origin of these 
highly specialised types is ascribed to the operation of Bowen’s 
reaction principle in an alkali-rich magma. 


VIAVT VKTMIOXiOfil’T. By Prof. Walter Stiles, Sc.D., University 

College, Rending. (Plant Physiology Committee.) 

Pettmabilily. —Since this subject was last reviewed in these 
pages some four or five years ago, the output of published 
reseairches on the problems pf cell permeability has been very 
considerable, so that it is here possible to do no more than 
discuss a few of the more representative pieces of work published 
dunng the last few years which advance our knowledge of the 
subject. 

It will be convenient to consider first the question of the 
permeability of plant cells to electrolytes, as much attention 
has been devoted to the penetration and absorption of ions. 
In a paper on “ Direct and Indirect Determinations of Per¬ 
meability,” W. J. V. Osterhout {Joum. Gen. Physiol,, 

19^2) recorded the results of qualitative examination of the 
oosoj^sition of the sap of cells of Nitella after they had remained 
lor a time in various solutions. Such cells were found to absorb 
nitrate rapidiy from a pure solution of sodium nitrate^ but that 
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in a so<«aUed balanced solution containing both sodium nitrate 
and calcium nitrate the penetration of nitrate into the cell 
is much slower. In a second contribution, dealing with the 
salt relations of another plant, the marine alga Valonia macros 
physa (" Some Aspects of Selective Absorption,” Joum. Gen^ 
Physiol., 6f 25-230, 1922), the sap was analysed quantitatively, 
and its composition compared with that of the sea-water in 
which the plants were growing. The investigation showed that' 
some ions, namely, sodium, calcium, magnesium, and sulphate, 
are present in a lower concentration in the cell sap than in the 
surrounding sea-water, whereas the concentration of potassium 
in the sap is much in excess of the concentration of this ion 
in the surrounding sea-water. The concentration of chloride 
was found to be much the same within and without the cell. 
In a later paper the same writer returns to this subject (” On the 
Importance of Maintaining certain Differences between Cell 
Sap and External Medium,” Joum. Gen. Physiol., 7 » 561-4, 
1925). It is recorded that if the difference in composition of the 
cell sap and the surrounding medium is abolished by placing 
the cells in the sap of their own species, they quickly die. That 
this result is not due to bacterial action in the expressed sap 
used was shown liy employing sap which had been boiled and 
filtered, in which the cells die as rapidly as in the unboiled sap. 
But the addition of salts to the expressed sap used, so as to make 
a balanced solution, removed the toxicity, whence it appears 
that death of cells in sap of their ^ecies is due to lack of balance, 
and that the maintenance of differences in composition of sap 
and external medium is a necessity for the existence of the 
celb. 

Work on the penetration of ions into plant cells has been 
carried out on similar lines by Matilda M. Brooks. In a 
paper on ” The Penetration of Cations into Living Cells ” 
{Joum. Gen. Physiol., 4 , 347-9, 1922), the results are recorded 
of experiments in which cells of Nitella were placed in different 
hypotonic solutions, and after a time the cell sap was removed 
by means of a capillary pipette and examined spectroscopically. 
Such experiments showed that the protoplasm of Nitella ceUs 
is normally permeable to lithium, ceasium, and strontium ions, 
but that penetration is much less rapid from a balanced solution, 
one, that is, in which the salt under investigation is presented 
to the cells in sea-water. 

The same worker has also investigated the penetration 
of acids into Valonia (” Studies on the Permeability of Living 
and Dead Cells. 1 . New Quantitative Observations on the 
Penetration of Acids into Living and Dead Cells,” Public Heedtk 
Reports, 1449--70, 1923). By determination of the hydrc^S«^ 
ion concentration of the ce}l sap of Valonia ventriwsa inuneiteid 
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in solutions of acids of different types, the penetration of a 
number of adds through the protoplasm of this spedes was 
investigated. It was found that the presence in the sap, before 
exposure to the acid, of bicarbonate, had a marked influence 
on the apparent rate of change of the hydrogen-ion concentra- 
' tion of the sap, the Pg value of which does not fall below 
S*2 until the whole of the bicarbonate present has been removed 
by the penetrating acid. The acids examined were found 
to fall into two groups. One group includes hydrochloric, 
sulphuric, nitric, phosphoric, arsenic, oxalic, citric, tartaric, 
and mono-, di-, and tri-chloracetic acids. These acids liberate 
carbon dioxide from the bicarbonate in the cell and accordingly 
appear to penetrate more slowly than they actually do. Acids 
of the other group are unable to bring about the release of 
carbon dioxide, and the rate of change of hydrogen-ion concen¬ 
tration of cells immersed in any of these indicates that the acid 
is absorbed very rapidly. This group includes acetic, salicylic, 
butyric, and benzoic acids. The behaviour of dead cells is 
somewhat similar to that of live ones, so it is concluded that the 
living protoplasm is not the only agency in the cell determining 
rate of penetration of acids into the cell. 

In a further study on the permeability of Valonia, the 
same worker has investigated the penetration of bicarbonates 
into this plant (" Studies on the Permeability of Living and 
Dead Cells. II. Observations on the Penetration of Alkali 
Bicarbonates into Living and Dead Cells,” Public Health 
Reports, 1470-7, 1923). It was found that when living 
Valonia veniricosa is placed in sea-water containing alkali 
bicarbonates, carbonic acid rapidly enters the plant, while the 
sap, when freed from carbon dioxide, is found to have become 
more alkaline, thus indicating the penetration of alkali ions 
through the protoplasm. The addition of potassium bicarbon¬ 
ate to sea-water is more effective than sodium bicarbonate 
in speeding up the entrance of carbonic acid and increase in 
alkalinity, whence it is concluded that the potassium ion 
affects the permeability of the protoplasm more than the 
sodium ion. It is important that this behaviour is not observed 
with dead cells. Although the increase in alkalinity of the 
carbon dioxide free sap is not so marked when citrate, acetate, 
or chloride is used instead of bicarbonate, in all cases the 
potassium salt is more effective than the corresponding sodium 
salt in producing this alkalinity. 

Further experiments were made by the same author on the 
penetration of arsenic into cells of Niiella (” The Penetration 
of Arsenic into Living Cells," Proc. Soc. Exper. Biol, and Med., 
iNk 39~40, 1933), from which it appears that the arsenic of 
«toxyi penetrates into cells of Nitelk, and that this penetration 
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depends on the hydrogen>ion concentration of the surrounding 
mediunii but it is not dear whether this apparent i^atlon 
between the penetration of the arsenic and hydrogen-ion 
concentration is due to the influence of the latter on the degree 
of dissociation of the atoxyl or to changes produced in the 
permeability of the protoplasm. 

The permeability of the protoplasm of Nitella has also 
been the subject of investigation by D. R. Hoagland, A. R. 
Davis, and J. C. Martin (“ The Composition of the Cell Sap of the 
Plant in Relation to the Absorption of Ions,” Joum. Gen. 
Physiol., 6, 629-46, 1923). Analysis of the cell sap showed 
that all the principal ions present, namely, potassium, sodium, 
calcium, magnesium, chloride, sulphate, and phosphate, are in 
very much higher concentration in the sap than in the water 
surrounding the plants. Determination of the electrical 
conductivity of the extracted sap indicates that these inorganic 
constituents are indeed present in the ionic condition. It thus 
appears that a difference in concentration of the same ion is 
maintained on the two sides of the protoplasm, a conclusion in 
agreement with the results obtained by Osterhout with Valonia, 
to which reference has already been made. It thus appears 
that an ion can penetrate into a cell from an external solution of 
lower concentration into the cell sap of higher concentration 
in regard to that ion. 

The writers also investigated the penetration of nitrate 
into cells of Nitella, and found that the penetration of this ion 
is much influenced by the hydrogen-ion concentration of the 
solution, penetration being much more rapid from a slightly 
acid solution than from one with an alkaline reaction. 

In a later paper Hoagland and Davis {” Further Experiments 
on the Absorption of Ions by Plants, including Observations 
on the Effect of Light,” Journ. Gen. Physiol., I, 47-62, 1923) 
extended their observations on the penetration of ions into 
Nitella cells. They found that the conditions of illumination 
to which the cells were subjected influenced very considerably 
the penetration of ions from dilute solutions into the cells. 
Thus, when the cells were immersed in a solution of 0*015 m. 
potassium dihydrogen phosphate containing various amounts 
of potassium chloride (0-0005 ni., or otooi m.), it was found that 
in the dark only very small quantities of chlorine were absorbed 
by the cells, but that with exposure to various periods of illn- 
mination the quantity of chlonne absorbed increased along with 
the duration of the illumination. When potassium bromide or 
potassium iodide was emploved in place of the chloride, the 
same result was obtained, although less iodide was absorbed 
than chloride or bromide. 

An antagonistic action between ions was observed ih 
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experiments with Nitslla, and a number of observations were 
made on the effe<^t of the presence of various salts on the 
absorption of the nitrate ion. It was found that potassium 
chloride, potassium bromide, and potassium iodide have a 
very marked effect in decreasing the rate of absorption of 
nitrate, while potassium sulphate is much less efficient in this 
respect. The authors conclude that three possible types of 
antagonism may exist: kation antagonistic to kation, anion 
to anion, and kation to anion. 

In a long paper on the action of salts on protoplasm, 
H. Kaho (“ Uber die physiologische Wirkung der Neutralsalze 
auf das Pflanzenplasma,” Univ. Dorpatensis Inst. Bot. Opera, 
No. 18, pp. 167, 19^3), the permeability of cells of red cabbage 
and Zebrina pendula leaves is dealt with. The determinations 
of the permeability of the cells in question to a number of 
neutral salts were made by means of Lundegardh’s tissue 
extension method. From the results of the measurements 
made, the author concluded that the penetration of neutral salts 
into the cell is a physico-chemical process depending on the 
“ colloid-activity ” of the salt, to which both ions of the salt 
contribute. The order of penetration of kations into the cells 
examined was found to be as follows in descending order of 
penetrating capacity : potassium, sodium, lithium, magnesium, 
barium, calcium, while the order in the case of anions was 
found to be iodide, bromide, nitrate, chloride, tartrate, sulphate. 
It is concluded that the penetration of neutral salts into the 
protoplasm depends on their capacity to alter the colloidal 
condition of the colloids of the surface layer of the protoplasm, 
the capacity of any salt in this respect being the sum of the 
capacities of the constituent ions. It is thought that the action 
of kations is a coagulating, or de-swelling, one, and their action 
is to lessen permeability, whereas the action of anions is one 
of swelling or digesting, which results in an increase of the 
protoiilasmic permeability. Toxicity of neutral salts is ascribed 
to their power to penetrate the protoplasm ; salts which enter 
the cell rapidly are the most toxic, those which penetrate slowly 
are comparatively harmless. It is thought that in the surface 
layer of the protoplasm the colloids present which are the 
subject of this salt action are particularly fatty substances. 

Some observations of S. Pr 4 t on plasmolysis of Spirogyra 
cells (“ Plasmolyse and Permeabilitat,” Biochem. Zeitsckr., 
5 57-^71 19^2) are worthy of note in this connection,. 
The cells were plasmolysed in a number of different salts, and 
it was found that the degree of plasmolysis increases after a 
certain time when salts of monovalent ions are used, but 
diecraises or remains constant when the plasmolysina salt 
fradiesses a divalent ion. In relation to the course of plas* 
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molysis kations can be arranged in the series: potassium, 
sodium, calcium, magnesium, and anions in the series: nitrate, 
chloride, sulphate. The change in the degree of plasmolysis 
must be traced to exosmosis and to changes in the degree of 
hydration of the plasma colloids, enzyme actions in the cell 
and to other factors. The conclusions of Pr 4 t are thus not at 
variance with those of Kaho. 

The penetration of dyes into cells has been investigated by 
Gladys M. Redfem, C. E. T. Mann, and Marian Irwin. The 
first>named writer (" On the Course of Absorption and the 
Position of Equilibrium in the Intake of Dyes by Discs of 
Plant Tissue," Ann. of Bot., 86, 5111-22, 1922) showed that 
carrot>root cells absorb dyes to such an extent that when 
equilibrium is approached the concentration of dye within 
the cell is very much higher than outside it. Basic dyes exhibit 
this phenomenon much more markedly than acid dyes, and 
crystalloid or semi-colloid dyes than colloidal ones. Further, 
the proportion of the dye absorbed from a dilute solution is 
much higher than from a more concentrated solution, the 
amount of dye absorbed being approximately given by the 
adsorption aquation. 

C. E. T. Mann (" The Antagonism between Dyes and In¬ 
organic Salts in their Absorption by Storage Tissue," Ann. of 
Bot., 88, 753-77, 1924) showed that the absorption of a dye 
such as neutral red or methylene blue is much depressed by the 
presence of an inorganic salt, and that the depression is greater 
the greater the valency of the kation. Thus, o-oo i n. lanthanum 
boride is more effective in preventing the entrance of methylene 
blue into cells of mangold than 0*025 n. ammonium chloride. 

The contributions of Marian Irwin to the subject have 
dealt with the entrance of dyes into cells of Nitella. In the 
first paper (“ The Permeability of Living Cells to Dyes as 
affected by Hydrogen Ion Concentration," Joum. Gen. Physiol., 
6, 223-4, 1922) it is recorded that cresyl blue is unable to 
penetrate rapidly into the cells unless the hydrogen-ion concen¬ 
tration of the external medium is less than that of the sap, while 
the rate of penetration of the dye increases with increase in the 
Pg value of the medium. The observations were extended in a 
later paper (" The Penetration of Dyes as influenced by Hydro¬ 
gen Ion Concentration," Journ. <^n. Physiol., 6, 727-40, 1923}, 
and from the results obtained it is concluded that both the rate 
of penetration of the dye and amount of dye absorbed whep 
final equilibrium is attained increase with increasing alkalini^ 
of the medium, and this is thought to be due to an increase in 
active protein or other amphoteric electrolyte in the cdl whUdi 
can combine with the dye. 

Finally^ reference must be made to a paper by W. RuUand 
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aa 4 C. Hoffmann ('* Die Permeabilit&t von Beggiaioa ndroHHst’* 
Afw. f. mss. Bot., 1 , 1-83, 1935), in which the penetration of 
a large number of substances of various kinds into cells of 
Beggiaioa mirabilis was followed by a plasmolytic method. 
From the results obtained the authors conclude that the 
permeability of the cell to any substance is determined by the 
size of the molecule of the substance, not only for colloids but 
also for crystalloids. They thus conclude that the ultrafilter 
theory of permeability put forward some years before by the 
senior author is completely supported by their new observa¬ 
tions. 


VXOOXiOaT. By G. W. Robinson, M.A.. University CoUege of North 

Wales, Bangor. 

In writing for the first time on recent advances in pedology/ 
it is, perhaps, not superfluous to give some indication of vmat 
branch of science is included in this term. The study of soils, 
for it is of that we are speaking, dates back as an applied 
science for upwards of a century. Until comparatively recent 
years, soil investigations have had a distinctly practical bias, 
and our knowledge of soils has grown in directions different 
from those in which it would have developed if a purely philo¬ 
sophical viewpoint had been maintained. Even with this 
applied bias, considerable advances have been made in the 
fundamental knowledge of soils, but the present position is 
analogous to the possible position of geology if the subject had 
developed in close association with mining and quarrying. 

Of late years it has been realised that even for the practical 
aim of aiding agriculture, the surest line of progress lies in 
studying soils by the methods of pure science. If the funda¬ 
mental principles of the origin and constitution of soils are 
elucidated, then applications to practice must follow as 
corollaries. 

Pedology, then, is the study of soils along the lines of pure 
science. In one aspect it is a branch of geology, since it concerns 
itself with the superficial strata of the regolith in which many 
of the most important processes in the cycle of weathering and 
denudation are fulfilled. In another aspect it is the study of the 
physical and chemical properties of a complicated colloidal 
system. In a third aspect it is the study of a complex flora 
and fauna in relationship to soil environment. These three 
aspects are closely interdependent, for a complete knowledge 
of the origins and metamorphoses of soils involves an under¬ 
standing of soil constitution, which itself is closely related to 
soil microbiology. 

i From » aofl <» grouncl. Thodon, pMology. not pBdology. 
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The present review of recent work on pedology will therefore 
relate to those studies in which the subject is approached as > 
pure science. The writer feels justified in making this lestric- 
tion, for the volume of research on soil problems in differrat 
countries has now reached such proportions that some division 
is both necessary and desirable. 

JnttmoHoncU Socigfy of Soil Science. —^At the fourth Inter¬ 
national Pedological Conference, held in Rome in May 1934. it 
was decided to form an International Society of Soil Science. 
In passing, a word of regret may be expressed that the term 
" pedology ” was not adopted instead of the clumsy phrase “ soil 
science.” The object of the new society is to promote the study of 
soils by the organisation of conferences, the formation of sectional 
commissions dealing with different aspects of the subject, and 
the publication of a Review in English, French, German, 
Italian, and Spanish. The headquarters of the new society are at 
the International Institute of Agriculture in Rome. The next 
congress of the society will be held at Washington in 1927. 

Pedology as a Branch of Geology. —The significance of pedology 
as a branch of geolo^ has been discussed by G. W. Robinson 
{Ceol. Mag., 1924, ol, 444), who has given a short account 
of the climatic classification of soil developed by Glinka and the 
Russian school. One of the most signal services rendered by 
the Russian pedologists has been their insistence on the import¬ 
ance of studying soils in profile. Where the downward trans¬ 
portation of soil constituents by percolating waters has pro¬ 
ceeded sufficiently, three soil horizons may be distinguished : 
namely, the A honzon,from which certain constituents have been 
removed by leaching; the B horizon, or zone of accumulation, 
in which there is a deposition of materials removed from the A 
horizon ; and the C horizon, which is the parent material from 
which the soil has developed. These horizons are not distin¬ 
guishable in soils which are in the early stages of development 
or exposed to intense surface erosion. The mature profile is 
governed by the character of the climate, and different rocks 
may, under the influence of the same climate, yield soil profiles 
which are essentially similar. The principal climatic provinces 
are distinguished by Glinka according to the types of profile 
associated with each. 

Nomenclature and Classification of Soils. —^The memoirs on 
the nomenclature and classification of soils presented to the 
Rome Gmference have been published at Helsingfors by the 
Finnish Geological Commission, under the editorship of I^. 
B. Frosterus (mimoires sur la Nomenclature et la Classifieeditm 
des Sols). This volume ^ves an admirable con^ctus of the 
different views held on tms difficult problem. Whilst many of 
the memioirs show the influence of the climatological sdaool 
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(Muii'oci, Aarnio, Glinka), others describe systems of nomen- 
dature and dassihcation based on actual soil properties (Hissink, 
Christensen, Tesch). 

Soil Classification on the Basis of the Character of the Colloidal 
Absorbing Complex .—Gedroiz {People’s [/?usstan] Commissariat 
of Agriculture, Agrochemical Division, No. 38, 1925) has 
proposed a system of soil classification based on the character 
of the colloidal absorbing complex. His primary division is 
practically the same as one proposed by Ramann several years 
ago, namely, into base-saturated and base-unsaturated soils, or, 
as C^droiz expresses it, soils which do not contain hydrogen ions 
in their absorbing complex, and soils which contain hydrogen 
ions in their absorbing complex. The saturated soils are further 
divided as follows : (a) ^ils in which the principal cation 
associated with the colloidal complex is calcium, with magnesium 
in smaller amount and insignificant amounts of sodium and 
potassium. These are the well-known tshernosems or black 
earths, (b) Soils in which the principal associated cation 
is sodium, with the bivalent cations occupying a secondary 
place. These soils are again sub-divided according to the 
amount of soluble alkali salts present and according to the 
presence or absence of earthy carbonates. Amongst these 
soils are the “ alkali ” and saline soils. 

Unsaturated soils fall into two sub-groups—namely, the 
laterites, found in the humid tropics, characterised by accumula¬ 
tion of residual sesquioxides and removal of silica, and the 
“ podsols,” found in colder humid climates, characterised by 
the leaching out of sesquioxides from the surface horizon 
and their accumulation in the illuvial horizon. 

Podsol Profiles. —McCool, Spurway, Veatch, and Weidemann 
( 5 oi 7 Sci., 1923, 14 , 95 ; 1925,18, 181) have recently described 
soil profiles in Michi|:an which are essentially similar to those 
studied by the Russians under the name of podsols, i.e. soils 
in which, under the influence of acid percolating waters, there 
has been a removal of sesquioxides from the surface horizon 
and a deposition of these together ivith colloidal humus in the 
B horizon. The A horizon is distin|^ished by a bleached layer 
immediately below the turf layer in virg[in soils. Edgington 
and Adams {Soil Sci., 1925, 80 , 177), working on podsol profiles 
in New Hampshire, have studied in particular the vertical db- 
. bnbution of nitrogen. They have found that the nitrogen content 
decreases sharply in passing from the turf layer to the bleached 
horizon, rises again in the B horizon, and decreases again in 
what b apparently the C horizon. The nitrogen presumably 
parallel with the colloidal content. 

Bfomt Earths in Finland .—A widespread type of soil in 
Western Europe b the so-called brown earth (Braunerde), 
■■ 28 
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which seems to be of the podsol t]^e in that it tends to foe 
depleted of exchangeable calcium in its suiface layers but if^ich 
diners from the true podsoh in not showing a marked leaching 
of humus and the sesquioxides. The brown earths may thus 
be a transition series between the black earths and the podsote. 
Aamio {Proc. Intern. Soc. Soil Set., ipss, 1 , 71) has described 
some brown earth profiles from Finland. These soils show a 
greater stability of the sesquioxides and the humus against 
leaching than is the case in podsols. In fact, in one profile of a 
soil under hazel forest, the differences in mineral composition 
between the different horizons are insignificant. The greater 
stability of these soils against leaching is correlated with the 
calcium content of the surface layer, which is maintained by 
the lime added annually by leaf fall. Where the forest trees 
are coniferous, the addition of lime by leaf fall is less and a 
podsol type of soil results. 

Origin of Black Turf Soils of the Transvaal .—^Marbut {Soils 
of Africa, Shantz and Marbut, I 4 ew York, 1923), in a description 
of the soil of Africa, siugested that the widely occurring 
black turf ” soils of the Transvaal might be analogous to the 
black earths of Russia. Marchand ( 5 . Afric. Jour. Sci., 1924, 
160) strongly opposes this view and attributes the character 
of wese soils rather to the nature of the parent rocks than to the 
Influence of climate. He points out that black turf soils and 
red day soils can occur under the same climatic conditions. 
The controversy is of particular interest and certainly suggests 
that although the dimatic classification is of value in certain 
regions, yet in others, the properties of soils can be more 
perfectly correlated with geology and topography. 

Cartography of soils .—In the volume published by the 
Rumanian Geological Institute under the editorship of the late 
Prof. G. Murgoci (£tat de VEtude et de la Carto^apkie iu Sol, 
Bucharest, 1925), tne different memoirs on this subject presented 
to the Rome Congress are collected together. The volume 

S 'ves an excellent view of the state of pedological studies in 
.fferent countries. 

Constitution of Soils .—^The properties of soils are largely 
governed by the fact that soil is a colloidal system in which the 
active colloidal constituents are the colloidal day and organic 
matter, also called the colloidal adsorbing complex. Wiegner, 
Gallay, and Gessner {Koll. Zeit., 1924, 85 , 313) have discussed 
the effect of catiods on the properties of day suspensions. It 
b conduded that the stability of day suspensions b governed, 
by the degree of hydration of the associated cations, titt 
order for the monovalent ions in decreasing degree of hydration 
b Li, Na, K and NH«, Rb, Cs, H, and for tne bivalent Atm, 
Mg, Ca, Ba. Thus a lithium day suspension will be more 
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viscous and more stable to electrol3rtic flocculation than a 
csMtium or hydrogen clay. The effect of added electrolytes on 
clay suspensions will be complicated by base exchange. For 
example, potassium chloride will have a greater effect on a 
calcium clay than on a potassium clay, owing to the displace¬ 
ment of adsorbed calcium in the former case. These ideas are 
further developed by Wiegner in a more recent paper {KoU. 

192s, 86, 340- 

Clay as an Acid. —Hissink, in his classic paper on the adsorp¬ 
tion processes in soils {Int. Mitt. Bodmlmnde, 1922, 18 , 81), 
developed the conception of the acidic character of the colloidal 
complex of the soil. In his more recent papers (e.g. Trans. 
Faraday Soc. 1925, 20, 551) he has further developed this point 
of view and has described methods of determining the reaction 
value of the soil acids which are not actually combined with 
bases. His results with Dutch soils show that even in soils 
which are in equilibrium with excess of calcium carbonate, 
only about 55 per cent, of the total acidity is neutralised. 
Complete neutralisation is only possible in the presence of a 
large excess of alkali. The position is analogous to the well- 
khown case of the hydrolytic dissociation of salts of weak 
acids. 

Among recent work on the acidic properties of clay, that of 
Bradfield {Jour. Amer. Soc. Agronom., 1925, 17 , 553) demands 
special attention. His work relates to colloidal clay isolated cen- 
trifugally from Missouri soils. He has shown by conductometric 
titration that colloidal clay behaves similarly to weak acids. 
He has also studied certain artificial clays obtained by mixing 
colloidal solutions of silicic acid and the sesquioxides. The 
balance of evidence is in favour of regarding colloidal clays as 
composed of complex aluminosilicates rather than as '‘absorption 
compounds ” or mixtures of the colloidal oxides. The reactions 
of colloidal clay appear to be chemical, with the restriction 
that these reactions are confined to the surface of the particles. 
It still remains to be settled whether the reacting surface 
is the surface of the -colloidal aggregates, or the surface of 
primary constituent particles, as has been suggested by Wiegner. 

On the reasonable assumption that colloidal day is the 
result of the hydrolysis of crystalline minerals, it would be of 
interest to decide whether the production of the separate 
colloidal oxides is an intermediate stage or whether the forma¬ 
tion of clay consists in a direct modification of the parent 
minerals. 

The controversy between Joseph and Mukhenee on the 
reaction between silica and electrolytes {Trans. Ckcm. Soe., 
t9»5, M8, *022 ; Nature, 1925,>57) » of great interest in 
connection with the addic properties of clays. 
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Constitution of Clay .—In the older literature, it is olteit 
assumed that kaolin is a characteristic constituent of day. 
Recent work on the properties of clays has shown that many 
kaolins only possess to a small d^ee the properties assodatea 
with clays. Rieser {Chtmis dor Erde, 1935, 8, 15) has found no 
evidence of the presence of kaolin among the products of the 
weathering of granite under peat. W. O. Robinson and 
Holmes ( 17 . 5 . Dept. Agric. Bull. 1311, 1924) found no kaolinite 
or nontronite in colloidal clay, although some crystalline 
mineral fragments were present. 

The emulsoid character of colloidal clay has been questioned 
by Powell {SoilSci.., 1925, 19 , 407) on the grounds of the smooth 
character of the curve connecting temperature with the viscosity 
of day suspensions. 

Joseph and Hancock {Tram. Chem. Soc., 1924, 125 , 1288} 
have correlated the colloidal properties of clay with the 
SiO,/Al,Os ratio, the more plastic clays showing the higher 
ratios. Anderson and Mattson {Science, 1925, w, 114) have 
found a similar relationship, using the ratio SiO,/R, 0 ,. Both 
pairs of workers used colloidal day separates for their experi¬ 
ments. 

Soil Physics .—^The moisture relationships of soils have been 
under close study for the past few years by Keen and Fisher in 
this country, by Hardy in the West Indies, by Wilsdon in 
India, and by Thomas and Bouyoucos in the United States. 
One of the chief difficulties has been the devising of suitable 
constants to represent the relationships of soil to water. Con¬ 
stants such as the hyCTOscopic coefficient and the moisture 
equivalent are still in the trial stage. Their value is abated 
somewhat by the fact that they are obtained by conventional 
rather than by absolute methods. The relationships between 
the principal moisture constants of soils have recently been 
examined. Wilsdon {Mem. Dept. Agric. India, Chem. Series, 
1921, 6, 171) has discussed the well-known Briggs-Schantz 
formula, M — 4’3H +21, in which M is the maximum water- 
retaining capacity of a soil and H is its hygroscopic coefficient. 
He conceives the 4*3 H in the formula to represent the colloidally 
imbibed water and the 21 to represent the interstitial water. 
The latter point has been criticised by Keen {Jour. Agric. Sci., 
1924, 14 ,'170). According to Wilsdon, the colloidally imbibed 
water is made up of the gel water associated with the structure 
of the colloidal reticulum and of vesicular water filling the inter¬ 
stices. Hardy {Jour. Agric. Sci., 1923,18, 340) has suggested 
that the term 4*3H might be replaced by P, the water content 
at which a soil-water paste begins to show external adheston 
(point of stickiness). This represents the stage at which the 
colloidal reticulum is completely filled with water, and la e 
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measure of the total imbibition capacity of the soil colloids. 
From the differing values which Hardy obtains for P/H 
he concludes that there are specific differences between soil 
colloids. The constant P may prove a useful single value 
measure of the colloidality of soils. 

Vapour Pressure of Soils. —Puri, Crowther, and Keen {Jour. 
Agric. Set., 1925, 16 , 68) have investigated the relationship 
between vapour pressure and moisture content for a number of 
soils. The forms of the curves obtained are different according 
to the properties of the soils examined. It is shown that small 
changes in the atmospheric humidity, both near the point of 
absolute dryness and near the point of saturation, cause great 
changes in the moisture content of the soil. 

Mechanical Composition of Soils. —G. W. Robinson {Jour. 
Agric. Sd., 1924, 14 , 626) has investigated the mechanical 
composition of different soils, clays, and other granular materials. 
The particle size distribution can be represented by smooth 
curves. These curves, which are made to show the relationship 
between summation percentages and the logarithm of settling 
velocities in water, are generally of a sigmoid t3rpe in the case of 
materials of uniform origin. The steepest part of the curve 
indicates the “ modal fraction.” This appears to be near the 
lower end of the curve in the case of heavy clays, whilst in the 
case of mechanically disintegrated materials, such as ground 
slate, it is at the upper end of the range. 

Soil Microbiology. —Space does not permit, on the present 
occasion, an adequate discussion of recent work on this branch 
of pedolo^. Reference may, however, be made to an excellent 
review 01 the present state of the subject by Waksman {Soil 
Sci., 192s, 19 , 20i). 

AirZHAL WTBITXOir. By Hxrbbrt Ernbst Woodman. Ph.D.. D.Sc.. 

School ot Agriculture. Cambridge. 

The Significance of Vitamins in Stock-feeding. —^The recognition, 
during the second decade of the present century, of the essential 
rfile played by vitamins in the nutrition of growing animals 
not unnaturally gave rise to hopes that the information 
gained in biochemical research on this subject would prove of 
grrat practical utility in connection with the feeding of farm 
animals. It cannot be said, however, that these hopes have 
been realised. The vitamin hypothesis, whilst affording in 
part an explanation of the weu-recognised effects of certain 
leeding-stuffs, has not led to any outstanding modification of 
the previously accepted principles of feeding practice. A 
short sketch of recent vitamin investigations on farm animals 
win serve to empluisise the correctness of this assertion. 
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As far back as 1915, Theiler and his associates carried out 
an extensive series of experiments with a view to ascertainii^ 
the vitamin requirements of cattle, goats, sheep, and horses. 
They drew the surprising conclusion that the requirements of 
these animals were so small, that it would be no easy matter to 
devise a ration of ordinary feeding-stulfs which would produce 
the symptoms usually ascribed to vitamin deficiency. Com* 
pared with small animals, such as rats, guinea-pigs, and pigeons, 
on which most of the vitamin research had been earned out, 
cattle and horses appeared to be relatively insusceptible to 
deficiencies of vitamins in the diet {Report of the Director 
of Veterinary Research, Union of South Africa, 1915). 

These conclusions have been amply confirmed by the recent 
investigations of Orr and his co-workers at the Rowett Research 
Institute (J. B. Orr, Agric. Progress, vol. ii, 1925). Orr points 
out that the farm animal most likely to suffer from vitamin 
deficiency is the pig, partly on account of its rapid growth and 
partly on account of the fact that swine husbandry tends to 
proceed on more artificial lines than is the case with other 
classes of stock. Yet in experiments with pigs at the Rowett 
Institute, it has not been found possible to produce signs of 
malnutrition which could be attributed to deficiency of vitamins 
A and C. On the other hand, however, when kept on rations 
in which the known essential constituents (protein and mineral 
substances) were deficient or improperly balanced, the animals 
developed disorders resembling those attributed to lack of 
vitamins. It is clear from the Aberdeen work that the earlier 
investigators frequently attributed to lack of vitamins, 
nutritional disorders which were in reality the result of defi¬ 
ciency or ill-balance of the mineral constituents of the diet. 
The common home-produced feeding-stuffs (grains, ^in 
offals, green crops, hajr, roots, and dairy by-products) are 
satisfactory sources of vitamins, and Orr concludes that farm 
animals are not likely to suffer from deficiency troubles of any 
kind when they are receiving properly balanced rations con¬ 
taining such feeding-stuffs. 

On account of the richness of cod-liver oil in respect of 
vitamin A, it is but natural that arguments should have been 
put forward in favour of its wider use in the feedii^ nf all 
classes of farm stock. Golding and his co-workers (J. Golding, 
“ Vitamins in Agriculture,” Bulletin xxxii, Univ. Coll., Reading, 
1923) state that pigs kept in confinement, without access to 

S reen fodder, benefit greatly in ^owth and general condition 
■ given daily doses of cod-liver oil. The requirements of large 
pigs are satisfied by daily additions of one to two ounces to the 
diet, and it is claimed that such doses do not in any way affect 
the flavour of the pork or fat. The Aberdeen workers, however^ 
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deprecate the use of cod4iver oil simply and solely as a source 
of vitamin A, on the grounds that the pig’s re<^uirements for 
this ^wth factor are inconsiderable and can readily be supplied 
by the use of the ordinary farm feeding-stuifs. They state 
further that the incautious administration of fishy oils to pigs 
may cause a taint to appear in the cured bacon, even in cases 
where the fishy flavour is not detectable in the fresh pork 
(Orr and Crichton, Scoiiish Jour, of Agric., vi, 379, 1933). 

Promising results have been secured at Reading in connection 
with the use of cod-liver oil for dairy cows (Drummond, 
Channon, Coward, Golding, Mackintosh, and Zilva, Jour. 
Agric. Sci., xiii, 144, 1933 and xiv, 531, 1934). The presence 
of vitamin A in cow’s milk is shown to be entirely dependent 
on its presence in the diet of the animal. Cows stalled in the 
winter and fed on ordinary winter rations of seeds hay, roots, 
and concentrates may 3nield milk with only one-tenth the growth- 
promoting factor found in the milk of grass-fed cows. The 
addition of small doses of cod>liver oil to such deficient rations 
induces a sharp rise in the vitamin A value of the milk fat of 
the cows. No such rise is noted when oils deficient in this 
growth factor are given. The administration of cod-liver oil 
in doses from one to eight ounces per day to milking cows 
appears to cause no fishy taint in the milk or butter fat. 

A continuance of these investigations into the effect of 
vitamin-rich foods on the nutritive value of the milk of the 
cows receiving them is obviously desirable. The writer 
ventures the opinion that in this direction the results of vitamin 
research will find their most serviceable application to the 

E roblems of animal husbandry. A note of warning is necessary, 
owever, since the initial work carried out at Reading indicates 
that excessive administration of cod-liver oil to milking cows 
may result in a distinct lowering of the percentage of butter 
fat in the milk. 

Metabolism of Growth and Maintenance .—Considerable 
advances have been made in the knowledge of this subject 
from the point of view of energetics during the last few years, 
notably in the publications proceeding from the Institute of 
Animal Nutrition at Cambridge. In 1930 a calorimeter for 
use with large animals was completed (J. W. Capstick, Jour. 
Agric. Sci., xi, 408, 1931). In 1933 J. W. Capstick and T. B. 
Wood published an account of experiments in which measure- 
m«its were made of the heat evolution of a fasting ho^ at 
various stages up to a maximum of six da}rs and at various 
temperatures between 34* C. and lo* C. (Proc. Roy. Soc., 
B. vol. 94, 35, 1933). It was concluded that, from about the 
twelfth hour after feeding onwards, the excess of the total 
lesthig metahol^m above the basal metabolism fell off accord* 



4S» SCIENCE PROGRESS 

ing to the simple exponential law H «• e*~'* (where c and k are 
constants). In other words, thd excess of the actual over the 
basal metabolism appeared to depend only on the time which 
had elapsed since the last meal and was proportional to the 
amount of metabolisable substance still unchanged. The same 
authors showed that the critical temperature of the pig under 
experiment (weight —300 lb.) was about 21® C. At this 
temperature the basal metabolism possessed a minimum 
value of 2,160 Cals, per day. As the temperature of the sur¬ 
roundings fell below the critical temperature, the basal meta¬ 
bolism increased at the rate of about four per cent, per degree 
Centigrade Agric. Set., xii, 257, 1922). 

In 1923 T. Deighton, working with the same instrument, 
showed that the basal metabolism per square metre of a young 
hog was not constant oyer the period of youth, but displayed a 
maximum when the animal attained the age of four months 
{Proc. Roy. Soc., B. vol. 95, 340, 1923). From his direct 
measurements, Deighton obtained a curve which resembled 
in a striking manner that obtained by E. F. Du Bois by statisti¬ 
cal methods for the metabolism of the human subject {Arch. 
Internal Medicine, xvii, 887, 1916). From this he drew import¬ 
ant conclusions as to the rationing of this (Large White) breed, 
showing that the maintenance requirement of such growing 
pigs exceeds that dictated from a mere consideration of the 
surface law. Deighton’s results enabled him to account for 
the difficulty experienced in preparing this breed of pig for the 
market at 60-70 lb. live weight. His conclusions have been 
tested and confirmed by feeding and slaughter experiments on 
the University Farm, Cambridge, and the results of this work 
have been summarised in a series of lectures delivered on this 
and kindred subjects by Prof. T. B. Wood at the University of 
London in March 1925 (not published at the time of writing). 

The Scientific Rationing of Farm Animak .—In his recently 
published textbook on Animal Nutrition (W. B. Clive, London, 
1924), Prof. T. B. Wood has achieved a distinct advance in 
regard to the application of scientific principles to the rationing 
of farm animals. After noting the weaknesses of the old feeding- 
standard systems of Thaer, Wolff, Lehmann, and Kellner (viz. 
their lack of elasticity and the difficulty of modifying them 
to meet var3ring requirements), Prof. Wood proceeds to elaborate 
a system whereby the ration required to produce any desired 
rate of live-weight increase for an animal of any given weight, 
age, and condition can be read off at sight. 

Starting from certain experimental data accumulated by 
Armsby in America, it was possible to calculate the weight 
of starch equivalent required to produce 1 lb. of tive-weighit 
increase in cattle of various weights and ages and in varying 
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conditions of fatness. These particulars are given in the 
accompanying table: 


Aft of aalmt! in foir*. 

Condition. 

Lbf.oISJE. 
for 1 lb. of 
livo«weifht 
ineiMte. 

About • 

Forward stores. 

2*00 

•f 2 « • * 

Stores. 

2-25 

.. 24 . 

Stores. 

2*50 

2| . 

Half fat. 

3*00 

M 2j . 

Nearly fat. 

4*00 


From these figures it is an easy matter to calculate a produc¬ 
tion ration which will produce any desired rate of live-weight 
increase within the capacity of the animal. To this, of course, 
must be added the ration requisite for maintenance, the latter 
requirement being related to the weight of the animal. The 
maintenance requirements of animals of varying weight have 
been formulated from data referring to a i ,000 lb. ox by the 
application of Rubner’s surface law. Examples of these 
figures, together with the capacity of consumption of animals 
of varying weights, are given below : 


Live Weight. Cwt. 

Malnteoaoce ntion in 
lb. itarch equiv. 

Appetite of animal in lb. 
ary matter per day. 

7 . . . . 

5-0 

19*0 

8 . . . . 

5*5 

20*5 

9 . . . . 

6*0 

22*0 

to . 

6^5 

235 

XX . 

7-0 

25*0 

Z2 . 

7-4 

26*5 


As an illustration of the method of applying these principles, 
im example may be cited where it is desired to produce 2 lb. 
live weight increase per day in the case of a forward store 18 
months old and weight 8 cwt. The ration would be computed 
thus: 

Maiatonance ration for 8 cwt. animal . . 5*3 lb. starch equiv. 

Ptoduction ration for 3 lb. increase per day . 4*0 .. 

Total ration . . 9-3 

The problem then becomes one of adjusting the mixture 
jaflFeeding-stuffs so that 9-5 lb. of starch equivalent is supplied 
lo A ration within the capacity of the animal's appetite, which is 
Ailtlput 30*5 lb. of dry matter per day. 

' The method is equally applicable to sheep and pip, and has 
iMlIn used successfully for working out rations for milk produc- 
liim. The production ration per gallon of milk of average 
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quality is a *35 lb. of starch equivalent, though this figure nuitt 
be increased if the milk contains more than 3*5 per cent, of 
butter fat. 

Owing to the absence of information in regard to the 
maintenance requirements of young animals, Prof. Wood's 
system cannot, as yet, be employed successfully for the calcula¬ 
tion of rations in such cases. To quote Prof. Wood : '* The 
feeding of such very young animals must for the present 
remain an art which must be acquired by^ practical experience 
rather than a science based on proved pnnciples.” 

The Influence of Cooking on the Nutritive Value of Feeding 
Stuffs .—It may seem strange that doubt should still exist in 
r^ard to the effect of preliminary cooking on the nutritive 
value of a feeding-stuff, yet a survey of the nutritional literature 
relative to this question reveals considerable uncertainty as to 
whether the cooking of a feeding-stuff prior to its being fed to 
animals leads to any material improvement in feeding value. 

In view of the common practice among pig-feeders of 
cooking maize for swine, the results of recent investigations into 
the ii^uence of cooking on the nutritive value of this important 
feeding-stuff are of interest (H. E. Woodman, Jour. Apdc. 
Set., XV, I, 1925). Digestion trials with Large White hogs 
were carried out with the object of instituting a comparison 
between dry-fed, soaked, cooked, and flaked maize. The 
digestion coefficients obtained in these experiments are sum¬ 
marised in the accompanying table : 


— 

Dry^ldd MaIm 
per neat. 

Soaked Mniee 
per eeot. 

Cooked IfaiM 
per cent. 

PUkedlCaiM 
pir eeot. 

Dry fluatter . 

8 a -9 

86-9 

BBl 

93 *» 

Qrguiic mattar 

87-1 

87*8 

89*0 

93-4 

Protein 

784 

80* X 

86«x 


Oil ... . 

Carboliydrate 

635 

60'5 

636 

44*8 

91-5 

92*0 

92-4 

97*1 

Fibre .... 

23-1 

35-3 

22*6 

30*5 


The above results bring out clearly the effect of prelimin^ 
treatment on the digestibility of maize. Thorough soaking 
raises the digestion coefficient of the maize dry matter fromi 
85 <9 to 86*9 per cent.; efficient cooking leads merely to a further 
smdl rise to 88* 1 per cent. The conclusion is therefore 
warranted that the cooking of maize for swine is an uneconomi¬ 
cal procedure, the gain in nutritive value not being such as to 
compensate for the trouble and expense of cooking and tiie 
attendant risk of the wet material tumiz^ sour if kept too long* 
In spite of ^ satbfactory results obtained for dry-fed sudse* 
the feeding of the dry crushed grain is not recommended. 
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sbiDt in practice it leads to a lar^e expenditure of energy by the 
finiftBfl l during mastication, a circumstance which results in a 
corresponding diminution of the productive energy of the 
feeding*stuff. This difficulty is overcome when the grain is 
soaked thoroughly prior to feeding. 

The increase of protein digestibility from 78*4 to 86*1 per 
cent, as a result of cooking is noteworthy, since previous investi¬ 
gators, using the artificial digestion method of Stutzer, have 
concluded ^at cooking depresses the protein digestion co¬ 
efficient of a feeding-stuff. The inconsiderable improvement in 
the digestibility of the starchy constituent of maize brought 
about by cooking leads to the conclusions that the cellulose 
coatings of the starch cells are easily removed during digestion, 
and further, that although cookine may render the starch more 
tasy of digestion, yet, when dealing with animals possessing 
extensive digestive tracts, this does not necessarily imply a more 
complete digestion of the constituent in question. 

The high value obtained for the digestion coefficient of 
the dry matter of flaked maize is of special interest in view of 
the efforts of certain commercial enterprises to popularise 
this form of maize with the stock-feeder. In the manufacture 
of flaked maize, the grain is submitted to the several processes 
of screening, steaming, rolling, and drying. The resulting 
product consists of crisp yellow flakes composed almost entirely 
of protein and soluble starch. It is probable that the high 
degree of digestibility of these constituents is to be attributed 
to their presence in the feeding-stuff in a form easily accessible 
to digestive ferments in the alimentary tract. 

In further experiments (H. E. Woodman, Jour. Min. Agric., 
xxxi, March 1925) it was demonstrated that the cooking of 
l^ley for pigs does not enhance the nutritive value beyond 
that possessed by soaked barley. 
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WHEN CERTAIN MATHEMATICAL 
FORMULAS BECAME TRUE 

By G. a. miller, M.A.. Ph.D. 

Pf 0 f 4 $sor of Mathomatics , Vnivffsity of lUinois 

The fact that certain mathematical formulas in their modern 
fonn were not always true may be illustrated by a very useful 
formula for the determination of the area of a plane triangle, 
which is now commonly written as follows : 

r. oi sin C 

F- 

where a, h represent the lengths of two sides of the triangle, 
and C is the included angle. It is obvious that this formula 
does not represent the area of such a triangle unless sin 90° -• i. 
For instance, in the earliest logarithmic table published by 
J. Napier (1550-1617!, which includes a table of sines, sin 90* — 
10,000,000, and hence the given formula represents the area 
of a triangle multiplied by ten million if this well-known table 
is used in the calculation to find the value of sin C. Similar 
remarks apply to most of the earlier tables of sines, as weH aS 
to some of the later ones. Hence one may at once conclude 
that the given formula in its modern form-could not have been 
generally regarded as true until after the time of Napier, and 
it is an interesting fact that it appeared as early as ten yean 
after the death of Napier in the trigonometry of Snellim in 
the form of a proportion, as follows : 

I : sin C - oA : 2F 

Two opposite tendencies can be clearly seen in the develop¬ 
ment of our modem definitions of the trigonometric functions. 
One of these was to assi|^ to these functions such laife 
numerical values as to avoid to a considerable extent (if nOt 
entirely! the use of fractions, while the other was to sim|dify 
the formulas by assuming that sin 90° -> 1 and defining 4ae 
trigonometric functions accordingly, "nie former of tiheso 
tendencies was natural at the time when the use of firactis^ 

4SS 
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understood by some of those who made calculations 
by imeani of the tables of the trigonometric functions, and it 
became very pronounced during the fifteenth and sixteenth 
centuries, when very extensive tables of these functions were 
computed by Puerbach, Regiomontanus, Copernicus, Rhaeticus, 
and many others. In fact, it appeared at this time as if it 
would gain the mastery, but fortunately the growing interest 
in the development of the theory of trigonometry soon there¬ 
after turned the tide in the opposite direction. The Swiss 
mathematician, J. BUrgi (1552-1632), is said to have computed 
a table of sines, now lost, in which the advantages of letting 
sin 90° •» I were explicitly recognised. 

The very important law of sines in trigonometry was clearly 
not affected by the different values which were assigned to 
sin 90® by various writers, and hence the history of the long 
struggle for the mastery along this line does not throw any 
light on the date when this law appeared in its modern form. 
On the other hand, the formula which expresses the law of 
cosines in its modern form was clearly affected by the outcome 
of this struggle as well as by the introduction of negative num¬ 
bers. For the latter reason the Arabs, who did much towards 
the development of trigonometry but did not use negative 
numbers, could not have fully understood the law of cosines 
in its modern form, but they proved the law of sines both for 
the plane and for the spherical triangle as early as about a.d. 
1000, and they used what is nearly equivalent to the law of 
cosines at about the same time. In fact, they did not have 
a special name for cosine, although the Indian mathematicians 
employed such a name at an earlier date. 

From what precedes and from the history of negative num¬ 
bers it results that the formula expressing the law of cosines 
in its modem form could not have been generally understood 
before the seventeenth century, and that some of the later 
mathematicians could not have accepted it as always true. 
Hence one of the most useful formulas in our modern courses 
in elementary trigonometry did not become true in the sense 
in which the symbols involved therein were commonly under¬ 
stood until after the sixteenth century. Such inter-relations of 
historical facts tend to make the study of the history of science 
of great value as an educational subject, since this study 
demands more reasoning and less pure memory work as one 
enters more deeply into the subject, and it is one of the beautiful 
ehajoiters <rf the history of the human mind. Cf. E. Picard, 
BUBtHn in Sciences Mathimatiques, volume 59 (192$), page 130. 

Two of the fundamental trigonometric formulas which have 
been oonMdered brie% appeared at about the time when the 
hivolved therein began to be commonly defined in 
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such a way as to make these formulas true. It may he' jpi 
interest to consider here also two fundamental formidas. whim 
were practically in use long before the time when their mo^elh 
signincance was fully understood. In fact, this significance Is 
in disaccord with the facts according to the standpoint of 
those who first employed rules which are equivalent to these 
formulas. The first of these formulas represents the two roots 
of the general quadratic algebraic equation. It is well known 
that the Greeks (in particular, Heron and Diophantusj used 
rules which are separately equivalent to such a formula, but 
they could employ such a rule only when it led to a positive 
root, since they used neither negative nor imaginary roots of 
an algebraic equation. 

The formula representing the two roots of a general quadratic 
equation was practically used in special cases for more than a 
thousand years before it became true that such an equation 
always has roots, in view of the limitations as regards the 
numoer system to which the roots were assumed to belong. 
Hence we have here a formula which was only partially true 
for many years after it began to be used in special cases. Some¬ 
what similar remarks apply to the so-called Cardan formula, 
probably due to Ferro, for the solution of the general cubic 
equation. In this case more than two hundred years elapsed 
from the time this formula was first published in 1545 until it 
was clearly recognised by D’Alembert that it always represents 
the three roots of the equation in question. Not only did the 
early users of this formula fail to recognise that it represents 
the three roots, but they failed to see that it represents any 
' root excefit in the special case when the cubic has one positive 
and two imaginary roots. In fact, as long as negative and 
imaginary roots were excluded it did not necessarily represent 
any root. 

It is obviously desirable to develop the history of science 
in general and the history of mathematics in partici^r with 
as much emphasis as possible on the emplo3ment of reason. 
It is only in this way that the subject becomes a ferment in 
the mind of the studen^ which serves not only to encourage 
a continuation of hb efforts, but also a proper co-ordination 
of the facts already acquired. It is hoped that the pomt of 
view expressed above may serve to exhibit a useful amition^ 
instance of the possible emphasis on reason in the stwi^ of 
the history of mathematics. 



OBSERVATIONS OF SYSTEMATIC 
MOVEMENTS WITHIN THE SUN 

By H. W. newton, F.RJl.S. 

Royal Obsifpatory, Groonmith 

The purpose of the following article is to review briefly the 
observations which give evidence of systematic movements 
which are taking place in the Sun's atmosphere, either of a 
cyclic or non-cyclic character. The subject is one of increasing 
interest with the advance of stellar physics. 

Observations of movements in the Sun are made with the 
telescope used (i) directly by the observer, or modified, firstly, 
as a photO'heliograph for recording the photosphere with its 
granulation, sunspots, and faculse, and, secondly, as the corona- 
graph of eclipse expeditions for photographing the Sun's 
corona; (2) with the spectroscope, which renders the chromo¬ 
sphere and the prominences (when present) always accessible 
and provides a means of measuring radial motions of approach 
or recession through the Doppler effect, whilst the determina¬ 
tion of magnetic polarity and field strength in sunspots has 
been made possible by the observation of the Zeeman effect; 
(3} with the spectroheliograph, which produces photographic 
images both of the chromosphere and prominences, and of 
the Sun’s surface in monochromatic light of calcium, hydrogen, 
or iron, with the added power of reaching different levels at 
which the elements occur; (4) with the spectro-tnrtgistrsur 
dts viUssts, or velocity recorder, which delineates the areas on the 
Sun’s surface where ascendinp; or descending movements of 
gases are taking place in the higher levels of the atmosphere. 

Two keen observers of sunspots, Carrington in England and 
Spdrer on the Continent, brought two important facts to lifjht 
in the middle of the last century. The first of these discoveries 
was the change of latitude of the spot zones during the progress of 
the eleven-year cycle, the period of which had been announced 
by Schwabe in 1843. This cyclical change of latitude is best 
thovm in a diagrammatic form, as published by Maunder from 
the Oreenwich measures. A diagram including the most 
recent observations, with comparative curves of spot areas and 
the variation of the diurnal range of m^etic declination, 
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has been exhibited in the Science section at Wembley. The 
nature of this cyclical movement of the zones is as follows: 
The spots of a new cycle begin to appear intermittently in 
latitudes from 30® to 40® on both sides of the Sun’s equator. 
With increase in the number and size of spots, the zones com¬ 
mence to spread equatorwards, and by the time of maximum 
(occurring on the average about four and a half years after the 
previous minimum) the spots are distributed in broad zones 
centring about latitude 15® north and south. The centres 
of the zones continue to approach each other until, within 
a year of the minimum, they are found mainly in equatorial 
regions about 8® latitude. At this time, small spots begin to 
appear again in latitudes 3o°-4o® as heralds of the new cycle, 
^ich becomes well established as the equatorial spots of the 
old cycle die out. This equatorward progression of the spot 
centres does not appear to be shared by the movements of 
individual spots, which have, on the average, a small random 
motion in latitude, but no consistent movement towards the 
equator of a measurable amount. A similar progression in 
latitude during the eleven-year cycle is shown by the bulk of the 
facuke * and the calcium flocculi which invariably accompany 
and survive spot disturbances. The prominences which rise 
from the chromosphere into high levels of the Sun’s atmo¬ 
sphere show a compound distribution,* They are found chiefly 
in two belts in each hemisphere, north and south ; the inner 
two of the four belts coincide roughly with the spot zones and 
follow them in their equatorward march. The outer zones after 
spot maximum are found mid-way between the equator and 
the poles, where they persist without much change of latitude, 
though with cyclical change of frequency, until the following 
maximum is approaching, when they move rapidly to the poles 
and disappear. After a short lapse of,time they reappear 
again in mid-latitudes, and the changes are repeated. From 
an examination of extensive data collected at the Yerkes 
Observatory, Lee* finds that only about 6 per cent, of prom¬ 
inences in the spot zones surest any immediate connection 
with spots ; the similarity in the movement of the zones 
producing these two phenomena, at different levels in the solar 
atmosphere, is significant. 

The second fact of importance noted by Carrington and 
Spdrer was that spots at different latitudes gave, on the average, 
different values for the Sun's rotation period. The shortest 
period was found to be given by the equatorial spots with 
accelerating rate of increase of period towards the outer zones. 

* of R.A.S., 84 . 96. IQSJ. 

* JUpiO$ of Promineneo Obsorvations, by j. and M. A. Evershsd, 1917. 

* Astropkysieat JourmU, 45 , 306, 1917. 
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Tbe usual expression adopted for the sidereal diurnal motion 
iSue to the Sun’s rotation is of the form f -• a — b sin* where 
a is the diurnal motion at the equator and ^ is the latitude. 
A recent determination * of the Sun’s rotation period made 
at the Royal Observatory, Greenwich, from 450 spots of 
regular outline lasting for at least twenty-five days, gives 
(mm i4®»37—sin* 

The equatorial acceleration, as it has been usually called, 
or polar retardation, has been fully confirmed and amplified by 
spectroscopic measurements. The light from symmetrical 
points on the Sun’s approaching eastern limb and receding 
western limb is brought on to the slit of the spectrograph by 
means of prisms. The Doppler effect resulting from the 
Sun’s rotation is thus doubled and rendered a measurable 
differential quantity. Measures can be made from the equator 
and beyond the spot zones to the polar regions, but necessarily 
with probable errors increasing with the latitude. W. S. 
Adams, to mention one of the chief investigators of this method, 
made an important contribution in his Investigations of the 
Rotation Period of the Sun, published in 1911. Observations 
were not confined to one line in the spectrum, but were extended 
to those of various elements—hydrogen, calcium, iron, lan¬ 
thanum, cyanogen, and manganese. Moreover, by a choice 
of lines, based on their relative intensities, a distinction could 
be made between successive levels of the same element, the 
weaker lines originating from the lower levels of the solar 
atmosphere. The following table provides a comparison 
between results derived from various sources and by different 
methods. 


DIURNAL SIDEREAL MOTION AT LATITUDE 15* 


SpaiM. 

Aetboritr* 

Forerale. 

M 0 U 0 &, 

Snnspott . 

CarrUigton, Sparer, 
Maunder, Greenwich 

X4**37-2**6o sln*^ 
^Greenwich) 
l 4 *- 54 - 3’-50 


Errerting layer 

Adams 


Faeula . 

Stratonoff, Chevalier, 

I4®*54“2®*8i sin»^ 


Caloittm flocculi 

Greenwich 

Hale ft Fox, Fox 

(Greenwich) 
X4*-36-2®*98 sitfif 
(Fox) 

HQ 

Cildam line X 4927 . 
Hydrogen line, H« 

Adams 

l4**9-2**4 8in»f 


Adams 

X3**o-i*-4 sin*i^ 


Cikimn line, Kg 

St. John 

“ 

Eil 


From several considerations, the order of the phenomena 
in the table is also that of ascending level in the solar atmosphere. 

* Monthly Notices of MA.S., W, ui. 

»9 
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It ^11 be seen that besides the wdl-pronounced decrease of 
an^Iar velocity with increasing' distance from the Sun's 
equator, as illustrated by the third column, there b also evidence 
of an increase of angular velocity from low to high levels. 
This increase of veloaty with height appears if we consider 
spectroscopic data alone, as in Evershed’s paper in the Monthly 
Notices for May 1925. He finds that the prominences which 
are located in very high levels give the greatest mean angular 
motion observed, and concludes that the shortest period of 
rotation, about twenty-one days, apparently occurs entirely 
outside the limits of the chromosphere. Attempts have 
been made during total solar eclipses to measure spect^ 
scopically the rotation of the Sun’s corona, but so far, owing 
largely to the faintness of the coronal spectrum, these have 
proved unsuccessful. From the measurement of a portion of 
the corona obtained on plates at two different places in the 
zone of totality, the Sproul observers of the eclipse of Sep¬ 
tember 10, 1923, find evidence* of groups of streamers, 
originating in comparatively low solar latitudes, to be rotating 
with the Sun. 

Two or three further remarks follow from the preceding 
table. Hiere are indications in the third column that the 
latitude term becomes smaller with increase of level, and this 
is further supported by St. John’s observations * of the Kg 
line of calcium, which gave practically a constant angular 
velocity for the latitudes of observations. The second point 
of interest lies in the differences of the spectroscopic determina¬ 
tions made by different observers, and by the same observer 
at different epochs. The differences are greater than would 
be expected from the internal agreement of the measures of 
the separate determinations, and Halm ' has postulated a 
variation in the Sun’s general rotation period. The extensive 
observations of Adams do not confirm this, however, but at the 
same time he points out the need of extended observations, 
inasmuch as a limited series may be seriously vitiated by con¬ 
siderable radial proper motions, which are observed at times 
in the vicinity of spot disturbances, in or near the level of the 
reversing layer. No doubt the question of variability of 
rotation period will be settled bv the series of spectroscopic 
determinations of the equatorial rotation which are bemg 
made at Mount Wilson. The mean value for the years 1914- 
1918 is 1*936 km./sec., and for the last six 3fears 1*903 km./sec. 
The importance of carrying on such a series of observations 
for two or four multiples of the eleven-year spot cycle is 

* Astmphysieal Journal, SI, 73, 1923. 

* IbU., w, 80. i9to. 

* 4stronomitehe Nackriehten, ITS, 294, 2907. 
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, f^ohanced by Hale’s discovery of the alternation of the ma|^tic 
polarities of spots in successive spot cycles. In passing it 
may be mentioned that a comparison '■ of the rotation periods 
derived from spots for the four cycles, 1878-1923, establishes 
no evidence, either for a variation of rotation period with 
successive cycles or any measurable difference in behaviour 
between the northern and the southern hemispheres. ^ The 
observations, however, are necessarily restricted in latitude 
from the equator to ± 30®, and are sparse near minimum. 

The variation of the angular velocity of rotation with 
latitude and the evidences for the vortex nature of sunspots 
suggests a search for a systematic drift of spots in latitude 
quite apart from the equatorward progression of the spot 
zones. The possible existence of small drifts had been shown 
by Carrington’s observations and those discussed in a Dettr- 
mination of the Position of the Sun's Axis “ (1912) by the 
Astronomer Royal and E. W. Maunder, but the evidence was 
not decisive. Recently, the movements of all long-lived 
spots have been examined from 1879 to 1923, and it was found 
that, whilst the random motion in latitude is about i® per 
sidereal rotation of the Sun, there is no evidence of a systematic 
drift of as much as o®‘i in the same interval.* On the other 
hand, the faculae, which are considered to be at a higher level 
than the spots, give a poleward drift increasing with the latitude 
and reaching nearly i^® per sidereal rotation in latitudes 
ao®-3o®. Further evidence of this poleward drift given by 
the faculae is very desirable, especially from the calcium flocculi, 
with which there is a close relationship. 

The existence of considerable differential motions of sun¬ 
spots in longitude has long been recognised, either by direct 
observation or indirectly by the widely different rotation 
periods which are frequently deduced from different spots 
m the same latitude. Some of these motions are of a systematic 
nature, and are chiefly noticeable during the early development 
of a " bipolar ” group or “ stream ” of spots, which is the 
predominating type of spot disturbances. These movements 
of a characteristic nature have been put in a definitive form.* 
It is found that in the first two days of its life the average 
leader spot of a bipolar group moves rapidly forward in longi¬ 
tude at the rate of about i® a day. In the next two da}rs 
the rate has diminished to about o®*5 per day, and it continues 
to diminish until about the fifteenth day, when the movement 
of the spot is the same as that of the mean diurnal motion of 
the Sun’s rotation corresponding to its latitude; by about 

* Monthly N<aie»s of R.A,S., 86 , 551, 1935* 

* Ibid^ 86, 190,1924. 

* im., 85 , 353 . isaj* 
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the twentieth day, it is moviiw slowly backwards at a daify 
rate of about o'’*5. Meanwhile, corres|>onding changes are 
taking place in the size of the spot, which increases rapidly 
after its formation, reaches a maximum about the tenth day, 
and then slowly declines. On the contrary, the following 
spot of the group, which is invariably of much shorter duration, 
moves consistently slower than the mean velocity appropriate 
to its latitude, particularly in the first three days of its existence. 
These systematic movements of the chief components of a 
typical group of spots surest a search for a correlation with 
motion in the line of sight or the variation of the strei^^h 
of the magnetic fields in the two spots. 

A systematic motion of the gases within sunspots was 
announced by Evershed in 1909 from his spectroscopic observa¬ 
tions. When the spectra of both sides of the penumbra and 
the umbra of a spot can be photographed when it is within a 
little distance of the Sun’s east or west limbs, Doppler effects 
are observed which can be explained by a horizontal flow of 
the gases of the reversing layer directed radially outwards 
from the umbra and ceasing abruptly at the limits of the 
penumbra. The gases of -the higher chromosphere do not 
participate in this movement, but, on the contrary, move 
radially inwards. These observations, begun by Evershed, 
have been extended with valuable results by St. John with the 
powerful instruments of the Mount Wilson Observatory.* 
In all, 506 lines of the spectrum have been studied, which 
include 27 elements ; lines known to originate in the higher 
levels of the chromosphere, such as H, K, and Ha ; enhanced 
lines, and lines belonging to different pressure groups; and 
193 iron lines of varying intensities, which were subsequently 
found to be a valuable criterion of level, the weaker lines 
originating from the lower levels. St. John’s results, sum¬ 
marised in a very suggestive diagram, indicate the radial 
velocity-system in the upper section of a solar vortex. The 
vapours of iron and some heavier elements flow horizontally 
outwards from the spots with velocities' of i km./sec., decreasing 
with ascent of level (as shown by line intensity) up to the 
region of the reversing layer. Then occurs a level of velocity- 
inversion as evidenced by certain of the magnesium lines,' 
aluminium lines, and the calcium line, \4227. Above this, 
in the chromosphere, the lines due to H^, D^Dt, Mg bib^, Hy, 
HtK,, Ha, and H,K, show velocities increasing with height 

' Attrophysieai Jownal, S 7 . 322. 19x3. and 80 . 39, 1924. 

* Tbese are avera^ velocities observed at the ooter edge of the penumbra. 
Apparently the motions are accelerated ontwards from the centre of the spot 
to the outer boundary of the penumbra. The greatest outward vekN^ 
observed by St. John in the case of any line wae 2*2 lan . fltc . 
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up to 1*9 km./sec., horizontally towards the spots in the ord^ 
mention^. St. John, however, points out that for several 
reasons these movements do not of themselves constitute a 
complete vortex system ; the actual vortex in which the 
magnetic field originates is apparently deep-seated, the region 
of «ie outflow of the heavier elements into the lower reversing 
layer being a portion of the upper part of it. This will be 
referred to later. 

As additional data bearing on the structure of this upper 
vortex, observations of radial velocities can be made when the 
spot is near the centre of the Sun’s disc. St. John has already 
made a number of these observations and finds that there is 
usually a downward movement of calcium vapour over the 
umbrae of spots varying in velocity from o*/ to 2-2 km./sec. 
Evershed recently recorded a large motion of this kind of the 
order 3-4 km./sec. radially downwards.* A new survey of the 
radial velocities in spots is being undertaken by the Mount 
Wilson observers. 

The regions immediately surrounding sunspots will now be 
considered. Every sunspot disturbance is accompanied by 
faculee, calcium flocculi, and hydrogen flocculi, which make 
their appearance with the spots, possibly a few hours before, 
increase in extent with the development of the spots, and remain 
visible after their disappearance often for a considerable time. 
Butler, from the Cambridge collection of spectroheliograms, 
has traced the growth of the calcium flocculi from their first 
appearance with the spots to their final merging into the 
general chromospheric r^seau of the Sun’s surface.* The 
distinction between the faculae and the calcium flocculi is not 
veiy clear : the former are shown usually only near the Sun’s 
limbs in integrated light from the photosphere, the latter can 
be followed right across the disc in monochromatic light of 
the H and K lines of calcium. Presumably the facul® form 
the base from which the flocculi arise, but there seems to be 
no evidence of convection between the two. 

By using different parts of the doubly reversed H and K 
lines. Hale and Deslandres independently showed that the 
sj^troheliograph is able to record the calcium flocculi at 
different levels, corresponding approximately to the levels of the 
reveming layer, the chromosphere, and the prominences. The 
portions of the H and K lines are known as H^K,, HaKs, and HaKj 
respectively. By a similar use of the broad Ha line, records of 
thiw successive layers of hydrogen vapour can be obtained. 

The spectroheliograms taken of the middle levels of calcium 
have been used by Hale and Fox for measuring the Sun's 

' Th$ Oburvatory, June 1935, 168. 

• NeHees of RA.S., 84 , 148, 1924. 
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rotation in the same way as sunspots. Fox * has also inresti- 

S ted differential motions of the <^cium flocculi> and finds that 
r the period 1903-8 they have movements which are 
anti'cyclonic about single spots, cyclonic about the preceding 
memMrs of bipolar spots, and anti-cyclonic about following 
members. Spectroscopic observations of radial motions indi¬ 
cate, on the other hand, that the penumbral or extra-penumbral 
vortex is not developed around every spot.* In contrast to 
the calcium spectrohelio^ams, those taken in the intermediate 
levels of Ha are extremely suggestive in appearance of vortical 
motion, which at the time of Hale’s discovery of magnetic 
fields in spots was regarded with great interest. Hale now 
states, however, that about 75 per cent, of the hydrogen vortices 
associated with single or preceding spots in bolk hemispheres 
conform in direction of whirl with terrestrial cyclones, whereas 
preceding spots are observed to have opposite polarities on 
opposite sides of the equator. There is also no evidence of a 
change of direction of whirl, figured by the hydrogen spectro- 
heliogprams, with the observed alternation of magnetic polari¬ 
ties at the spot minima of 1913 and 1923. This is one reason 
for r^rding the radial velocity system described on a previous 
page as a secondary effect, overlying the main vortex which 
produces the magnetic field. 

A productive field of research has been opened by the use 
of Deslandres’s spectro-enregistreur des vitesses, which is an 
adapted form of spectroheliogjaph with a wide second slit to 
admit a small portion of the adjacent spectrum. Successive 
chords of the Sun’s disc in K, light, for instance, can be photo¬ 
graphed by a series of discontinuous movements, and displace¬ 
ments of the line due to Doppler effects are thereby recorded 
over the Sun’s disc wherever they may occur. With this 
instrument, Deslandres' has studied the dark filaments and 
alignments which are such a characteristic feature Of the high- 
level calcium and hydrogen spectroheliograms, taken res^ctively 
in the light of K, and the middle of the Ha line. He finds 
that the filaments are regions of ascent in contrast to the bright 
areas of flocculi, which are usually descending. Their close 
relationship with the prominences * seen in profile at the Sun’s 
limbs suggests that they are the same phenomenon seen pro¬ 
jected on the disc. Further systematic study of these filaments 
IS being carried out by Deslandres and his assistant, d’Azum- 
buja, at Meudon, by Royds at Kodaikanal, and elsewhere. 

St. John has specially studied the behaviour of the K, and 

' PublictUion of tho Yorhes Obstrvatory, voL lii, pt. ill, ipax. 

* AttrophysUti Jottnud. U, 139* i9xi< 

* Atmus of fh» Meudon ObtefwUory, vol. iv. 

* Astrophyeieed Jomrnot, 45 , 306, 1917. 
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Kg Maes over the disc with a section spectromph designed 
on the principle of the velocity recorder. With it, exposures 
can be made rapidly of successive points on the disc or sue* 
cessive exposures of the same point, and the measurement pf 
the displacements due to the Doppler effect are made absolute 
by a comparison in the same field with two solar standard 
iron lines. In this manner, from a large number of measures, 
he has compared the wave lengths of the absorbing K, line 
and the emission K, line with that of the arc at various parts 
of the Sun’s disc—over undisturbed areas, circumfacular 
regions, flocculi, and spots. Briefly, he finds : 

(1) That over the general surface of the Sun the calcium 
vapour producing the absorption line. Kg, has a descending 
motion of 1*14 km./sec., while that due to the bright emission, 
Kj, is ascending at 1*97 km./sec,‘ These are very definite 
results obtained from a large number of observations. More 
recently, St. John has extended his research on vertical currents 
in undisturbed regions of the Sun's disc by a comparison of 
the wave-lengths of more than three hundred iron lines in the 
solar spectrum and the vacuum arc. The strong lines (ue. 
high-level lines) of iron give a mean downward radial velocity 
of 0-3 km./sec., whilst at the lowest levels possible to investiga¬ 
tion at present the motion iso*3 km./sec. upwards. A significant 
fact is that these radial convection currents are remarkably 
constant at any given level.* 

(2) Immediately over flocculi surrounding spots, the 
emitting vapour, due to K„ shows almost stationary conditions, 
wWlst the absorbing vapour, the source of K*, is descending 
with the same mean velocity as over the general surface, i.e. 
1*14 km./sec. 

(3) Over circumfloccular regions there appears to be no 
evidence of a local system of circulation involving the flocculi 
and their immediate surroundings, although, as already shown, 
thm is a local system in connection with the spots in which 
emitting calcium vapour, presumably rising around the flocculi, 
flows across the penumbra and is drawn downwards into the 
umbra. 

ft should be mentioned that Deslandres, on the contrary, 
finds evidence of a circulatory s^tem between the circum¬ 
facular regions and the facule. Further systematic observa¬ 
tions will no doubt remove the discrepancy between these two 
observers on this point. With increasing power of new spectro¬ 
graphs and telescopes it should be possible to make measures 
of the small, bright granules and their darker interspaces which 

* Astrophytieal Journal, IS, 79, 19x0. 

• Mouaiy Nakoi of S.A.S,, 84 , 93 <ii 933 > and Askop^sieat Jomuat, 80 , 
39 . 19 M- 
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make up the i^neral granulatioB of the Sun’s surface in inta* 
grated light, and the chromospheric r^au of the calcium 
spectroheliograms. A determination of any radial motions 
of a constant character which the intejjral portions of the 
Sun's surface may possess will be of great importance. Attempts 
in the past have been made by Hansky and Chevalier to study 
the transverse motions of the granules, but nothing of a syste¬ 
matic nature was discovered, perhaps owing to the inherent 
difficulties of observation. 

The possibility of finding currents parallel to the Sun’s 
surface at the highest levels of the solar atmosphere has not 
been overlooked by observers. Slocum * has examined the 
prominence data at Yerkes for any preference of direction 
which might be shown by the serrated top of the chromosphere 
and the forms of prominences. The evidence from the former is 
negative, and the prominences, though showing tendencies for 
preferential directions varying with the latitude, give no clear 
indication of general circulatory currents. St. John • had 
tested the matter in another way by measuring the mean wave¬ 
lengths of the intermediate and high-level calcium lines (Kt 
and at points in close proximity to the limb in polar regions 
and in equatorial regions. His measures showed the absence 
of any such currents of appreciable velocity. 

Recently, Pettit has published a thesis on the " Forms and 
Motions of the Solar Prominences,” based on collected data 
from 1893 to 1920. The nature and origin of a force or forces 
expelling the prominences at great velocities (observed up to 
400 km./sec.) are considered quantitatively. The vertical 
motions to be explained are nearly always uniform, but affected 
by sudden increases as though an impulse had been given from 
time to time. Measurements of only six prominences connected 
with sunspots were available, but in these -cases the paotions 
of the knots and streamers were directed to the spot. 

Observations of movements within the corona are necessarily 
scanty and difficult. The cyclical change of shape in the 
eleven-year spot period is of a most conspicuous character, as is 
well known. At spot maximum, the general distribution of the 
corona is roughly concentric with the Sun’s disc ; at minimum, 
tWe are short, well-defined brush-like plumes at the Sun’s 
poles, and broad streamers extend from the equatorial regions ; 
at other phases of the spot cycle, the corona is intermediate 
between these two types. Each corona belonging to the same 
phase of different cycles has, however, its own individuality. 
W. J. S. Lockyer' has found a relationship between the various 

> Attrophytie^ Jownat, 97 , 357 > > 9 X 3 * 

* Ibid., tt. 80, 1910. 

* Montkfy NoHets of RA.S., 88. 324, 1923. 
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forms of the corona and the active zones of prominences. 
TTbere is also evidence that the local arrangements occasionally 
observed of the lower corona in a series of arches are related 
sometimes to sunspot disturbances and on other occasions 
to prominences. Attempts have been made a,t several eclipses 
to measure the radial movements of the arches by comparison 
with plates taken at different stations in the zone of totality. 
The deduced radial velocities outwards from the sun are 
variable, but of the order of 20 km./sec.—a small velocity com¬ 
pared with those frequently observed for the prominences. 

The observed movements in the Sun’s atmosphere have a 
far-reaching application when interpreted both in the light 
of the theoretical researches of Russell, R. H. Fowler, E. A. 
Milne, and others on the constitution of the reversing layer 
and chromosphere, and of the observational data on pressure 
at various solar levels obtained recently by St. John and 
Babcock. The study of high-dispersion stellar spectrograms 
shows that in bright stars such as Sirius, Procyon, and Arcturus 
there is a relative displacement of arc and enhanced lines. 
The hypothesis is advanced in a paper ‘ by St. John and W. S. 
Adams that this displacement is due to differences in radial 
velocity of gases in the atmospheres of these stars, the lines 
produced at the higher levels showing, as in the Sun, a pre¬ 
vailing downward motion. This gives strong support to an 
hypothesis advanced by Campbell in 1914 that the K— term 
in B-type stars is due, at least in part, to convection currents 
in stellar atmospheres. 

The observational data for studying the Sun’s atmosphere, 
possible to the range of our various instruments, will receive a 
considerable addition within the coming decade. During the 
last year, solar activity in its various manifestations has been 
rising in accordance with the eleven-year period after a minimum 
dating about the middle of 1923. Through the increasing co¬ 
operation of observatories in widely different parts of the world, 
practically a continuous daily record is kept of the chants 
occurring in the Sun, supplemented by observations for special 
research. It is not too much to hope that the observations 
made during the last cycle, which gave the first evidence of the 
alternation of the magnetic polarities of sunspots, data for the 
measurement of the Sun’s general magnetic held, and a fresh 
conception of the constitution of the Sun’s outer layers, may Ite 
followed by others in which may lie the solution of the origin 
of the spots and the many allied problems of the solar 
atmosphere. 

> Astrofhysieal Journal, 60 , 43, X924. 
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COMPOUNDS 
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Th0 Davy Faraday Research Laboratory, The Royal Institution, London 

The great change which has come over physics in the last 
twenty or thirty years is due to one fact in particular, to the 
fact that, instead of studying the behaviour of vast crowds of 
atoms and molecules and endeavouring, from that study, to 
deduce the properties of the individual, we concentrate more 
and more on the individual and try to deduce the probable 
behaviour of the crowd. The newer method is, of course, the 
more logical one, and has been made possible by two of the g^eat 
discoveries of modern times—radio-activity and X-rays. Each 
of these has given us the power of probing into the innermost 
depths of matter, and, although we are still unskilled in the 
use of these new weapons, each has led to important progress. 
It is proposed here to give a brief survey of a few of the results 
which X-rays have given us. First let us see how it is that 
X-rays have enabled us to study the behaviour of small groups 
of atoms and molecules. Before we can see an object it is 
necessary that it should be at least comparable in size with the 
wave-length of the light by which we hope to see it. If it 
is small compared with the wave-length we are using, the 
waves will pass over it without being in any way affected by it. 
A simple calculation shows us that if we are to “ see ” atoms 
and molecules—^and this must surely be the ultimate aim of 
physics and chemistry—we must use, not those waves to which 
the eye responds, but a variety of light whose wave-lens^ 
is some ten thousand times shorter ; and this is exactly what 
Rdntgen provided for us when he discovered X-rays. We have 
now at our disposal a light of such fine structure that the atoms 
and molecules, small as they are, are yet large enough to affect 
the waves. However, although the effect is there, our instru¬ 
ments are still too crude to detect the influence of a single atom 
or small group of atoms ; we must in some way amplify the 
effect. Nature has provided us with a suitable amplifier in the 
crystal. 

It has long been recognised that the only way in which a 

450 
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crystal o>uld be formed was by the continued repetition of 
some small unit, a cell containing but a few atoms or molecules, 
which, repeated again and again in all directions, eventually 
grew to a size large enough for us to see. It resembles, in 
fact, a large number of boxes all arranged side by side, row 
after row, each box being exactly like its neighbours in size 
and shape, and each containing a small group of atoms packed 
in precisely similar fashion. Whatever effect one of these 
units has on the X-rays, an exactly similar effect will each of 
the others have, so that in this way we can, as it were, amplify 
the effect of the unit cell until it is large enough to be detected 
by our instruments. There is no need to enter into the technical 
details of the various methods of measurement; suffice to say 
that in this way we can measure the length, breadth, and depth 
of the unit parallelepiped with an accuracy comparable with 
that which we attain in ordinary measurements of length, 
although the actual value of the length is some hundred million 
times smaller than those we ordinarily measure. Further, we 
can determine how many atoms or molecules of the substance 
the unit contains and a good deal as to the way in which these 
are packed into the cell. The full facts are there ready for us, 
but as yet we are far from skilful at interpreting our results. 

In this way we can study the crystal, and we are in no way 
confined to large crystals. Any substance which is crystalline 
can be examined even if the small crystals of which it is com¬ 
posed are only of microscopic size. The crystals may even be 
so small that it is only by means of the X-rays themselves that 
we can realise their existence. In short, instead of speaking 
of crystals it would perhaps be better to speak of solids, since 
practically all solids are crystalline. We have in fact a method 
which tells us how the atoms and molecules pack together to 
form the solid. We can, in some cases at least, find out a good 
deal as to the structure of the molecule itself and the way in 
which it combines with its neighbours—the essence, indeed, of 
what is really a new science—the chemistry of the solid state. 

The science of chemistry has, for the most part, concerned 
itself with the nature of molecules as they appear in the liquid 
state or in solution. When we study the solid state we have 
no reason to suppose that we shall find that the molecules with 
which we have to deal are exactly the same as those which 
have been the subject of the chemist's investigations. One of 
the principal problems which we have to discuss is the difference, 
if any, between the molecule in the solid and the molecule in 
solution. Many chemists have maintained that the two are 
quite distinct, and have described the molecules in the solid 
as dead compared with their more lively prototypes in solution. 
Whatever the difference between the two —a question on which 
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more will be 3aid later—there is one feature which definitely 
distin|;ui8hes the solid from the liquid, and which gives to the 
solid Its characteristic features. In the solution, at any rate 
when we confine ourselves to molecules which are not dissociated, 
the unit of structure is the chemical molecule ; in the solid, 
on the other hand, the unit is a group of molecules definitely 
associated with each other and oriented relative to one another 
in a very characteristic way. Each of these solid molecules 
contains the same material as the chemical molecule, and the 
group is packed into the unit cell of the solid. All the properties 
of the solid as distinct from those of the liquid are to be traced 
to this fact, that in the solid the unit is not the single molecule, 
but this small group, each member of which has the same mass 
content as the chemical molecule. Thus, for example, the 
molecule of naphthalene in solution is CioNg, but in the solid 
the unit consists of two groups of QoNg which are so related 
to each other that the one is the mirror image of the other in a 
plane. In the same way in tartaric acid we find in the small 
unit cell not a single molecule of the substance but two ; in 
this case the one molecule can be derived from the other not by 
reflection in a plane but by a rotation of i8o® about an axis. 
It is in these characteristic groupings in the fundamental cells 
that we must search for an explanation of the properties of 
the solid substances. 

It has been said that each of the cells contains an amount of 
matter equivalent to a small number of chemical molecules, 
and the question naturally arises—can we consider the cell as 
containing a group of molecules each of which is identical with 
the molecule as studied by the chemist in solution ? If we 
can answer this question in the affirmative, if we can even say, 
with reasonable certainty, that the crystal molecule closely 
resembles the chemical molecule, then the whole investigation 
of crystals by X-ray methods becomes one of great importance 
to the chemist and not merely to the crystallographer. In 
what follows it is hoped that evidence will be produced tending 
to show that there is, in the organic field at least, a very close 
similarity between the two types of molecule. 

During the past ten years a very great deal of work has been 
carried out on the X-ray analysis of crystals, and the range of 
substances thus examined covers a very large field. Naturally, 
in the early days, attention was more or less confined to the 
elements themselves and to simple compounds, especially 
those which readily formed good crystals. A beginning has 
now been made on more complex substances both organic and 
inoiganic. Although in some directions there are difficulti» 
to be overcome in the study of organic substances which are less 
acute in the inorganic field, from other points of view the 
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w(nic is, perhaps, easier. In the first place organic chemistiy 
is a much more highly developed science than inorganic. Tm 
extraordinary progress of structural chemistry has resulted in a 
very considerable knowledge of the actual arrangements of the 
atoms in the vast majority of organic compounds, while compar¬ 
atively little is known as to the spatial arrangements of the 
atoms in inorganic substances. Again, in inorganic solutions, 
dissociation continually occurs, a complication which is generally 
absent from organic solutions. Further, there exist long series 
of organic compounds, each compound differing in only some 
small particular from its neighbours in the series, so that it is 
possible to watch, as it were, the gradual building up of a com¬ 
plicated molecule from a relatively simple beginning. Against 
these advantages must be placed the disadvantage that, in 
general, organic compounds are difficult to obtain in the form of 
good crystals, and very often the X-ray analysis has to be carried 
out, not with single crystals, but with crystalline powders. 

Space forbids anything like a full description of the work 
which has been accomplished, but perhaps a few details as to 
some of the results in the organic field may be given. The first 
substances to be investigated were naphthalene and anthracene. 
These two form crystals which have many points of similarity, 
and it was shown by Sir W. H. Bragg * that this similarity 
extended to the unit cells from which these structures arose. 
His measurements gave the following data for the sides and 
angles of the cells : 

Naphthalene CioHg a = 8*34, h = 5*98, c = 8-68, « = 7 = 90®, 

^ 44', 

Anthracene QgHioa == 8-58,d= 6*02,c= 11 *18,0 = 7 = 90®, 
^=125® o', 

the unit of length being the Angstrom unit, or 10—'em. 

It will be seen that the a and h axes and the angles of the cells 
are very nearly the same, but the c axis of anthracene is 
considerably longer than that of naphthalene. This difference 
in the c axis immediately suggested the difference in the lengths 
of the two molecules, anthracene having three benzene rings 
end to end, while in naphthalene there are only two. From the 
X-ray measurements alone it was clearly impossible at this 
stage to place in position the ten carbons and eight hydrogens 
of each of the two molecules which were contained in the cell. 
However, in both crystalline forms of carbon, diamond and 
graphite, there occur series of closed ring^ of six carbon atoms, 
iht rings being of approximately equal size in the two cr^tals, 
and Bragg made the assumption that these rin^ were similar 
to the brazene rings. He was thus able to calculate the dimen- 
* W, H. Bragg. Proe. Pkys. Soe» M, 33.1921 i SS. i 67 > 
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$ions of the naphthalene and anthracene molecules from the 
known dimensions of the rings in the diamond. When this 
was done, it was found that there was just room for the naphtha¬ 
lene molecule to arrange itself with its long direction along the c 
axis, and that the difference in the length between the c axes 
in naphthalene and anthracene was just what was required for 
the extra ring of the latter. Again, the constancy of the cross- 
section of the two cells was explained by the fact that it was 
determined not by the length of the molecule, but by the 
breadth and thickness of a single ring. The actual dimensions 
of the a and b axes were what was necessary for the side-by-side 
linking of the two molecules which the cell contained. 

Another consideration which arose out of this investigation 
was concerned with the symmetry of these molecules. They 
form crystals of the monoclinic prismatic class possessing a 
plane of symmetry and a twofold axis perpendicular to this 
plane. These two elements of symmetry involve a centre 
of symmetry. If the molecules are asymmetric it is easy to 
show that there must be at least four molecules in the cell, 
the second being obtained from the first by a rotation of 180* 
about the axis, and the other two from the first pair by reflection 
in the plane of symmetry. In actual fact only two molecules 
were found in the cells, so that it followed that the molecules 
must themselves possess some of the symmetry of the crystal. 
Bra^ was able to show that the molecules had a centre of 
symmetry. 

Hence the results of this first venture into the organic field 
were most encouraging. They showed that if the benzene ring 
were given the dimensions of the closed ring of six carbons 
which is such a characteristic feature of the diamond structure, 
a very satisfactory packing of the molecules into the cells could 
be obtained, a packing which was in agreement with the X-ray 
data and which was also successful in explaining such properties 
as the extreme ease of cleavage in one direction of the naphtha¬ 
lene and anthracene crystals. Furthermore, the investigation 
threw light on the symmetry of the molecules in the solid state. 

Since this early work many other aromatic compounds have 
been studied. The results all appear to be consistent with tne 
assumption of a ring of this size as the basis of the benzene 
molecule. Much more work must be done before we can 
definitely say what is the exact configuration of the ring, whether 
it is precisely what we find in the diamond or the flatter ring of 
graphite, or whether it differs in detail from both of these. It 
will be surprising, however, if any very drastic alteratioxu are 
found necessary. 

The other great branch of organic chemistry, that which 
deab with the aliphatic series, has only very recently received 
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attention. In many of the aliphatic series the lower members 
are liquids at ordinary temperatures so that the work has been 
more or less confined to the higher members of the series. 
Here the difficulties of obtaining good crystals are very great, 
and so far the major part of the work has been an attempt 
to interpret the X-ray spectra obtained from powders. In 
general the interpretation of a powder photograph is a very 
difficult task except in the simplest cases, but these aliphatic 
compounds, the basis of whose structure is a long chain of 
carbon atoms of the form 


H H H H H H 

c-c-c-c-c-c 


H H 
I I 

-C—C- 


I I I I I I II 

HHHHHH HH 

have one very characteristic property. The unit cells into which 
these long chain molecules are packed have one side which is 
very much greater than the others, and it is found that this side 
grows uniformly as the number of carbon atoms in the molecule 
is increased. In general it is not to be expected that there will 
be a simple relation between the linear dimensions of the cell 
and those of the molecules it contains, but in the case of these 
series the regular increase of one side of the cell with increase of 
the carbon content of the molecule shows that here there is 
such a relation. Further, the evidence strongly points to the 
fact that the other two dimensions of the cells remain very nearly 
constant throughout the series, and that the only change in 
the cell is in the direction of its length, a phenomenon similar 
to that found in the case of naphthalene and anthracene, but 
now extending over a much greater range, perhaps as many as 
twenty or thirty carbons. It must be remembered that what 
is measured by the X-rays is the perpendicular distance between 
successive identical planes in the crystal, and even when we 
find that this distance, increases uniformly as the length of the 
molecules increases, we are not justified in deducing that the 
molecules are all arranged perpendicular to these planes. The 
direction of length of the molecules may, in fact, be inclined at 
any angle to the normal to the planes, but the tilt of the molecule 
must remain approximately the same throughout the series. 
Were it not so, there would be no simple law connecting the 
carbon content and the length of the cell. 

In addition to the steady increase of the length of the cell 
as CHg groups are added, another feature of the spectra is of 
interest. In certain series it is found that the spacing apart 
oftiiese planes as measured by X-mys is just about what wotiid 
be expected if there were a single layer of molecules all parallel 
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to one another and standing more or less upright betwem 
successive planes : in other series the spacing is twice as gr»t 
for the same carbon content of the molecule and the increase 
per CHj group correspondingly large. This would mean that 
in the latter series the successive planes are separated, not by a 
single layer of molecules but by a double layer, the one set of 
molecules standing on top of the other set. There seems to be 
a very simple rule deciding which of these two formations will 
occur. If, at one end of the molecule, there is a group which is 
chemically active, like the COOH group in the acids, then the 
double layer will be found ; if both ends of the molecule are 
inactive chemically, as in the hydrocarbons where the end 
groups are CHs, then only the single layer will appear. This 
rule, while purely empirical, appears to be satisfied by quite a 
large number of series, and it seems natural to conclude that 
when we find the double layer, the two sets of molecules are 
oppositely oriented, the active groups of the first set being 
directed towards the active groups of the second. 

One series which has been investigated proved interesting 
in this connection—that of the normal saturated aliphatic 
Intones of general formula CH,'(CHj)a-CO-(CH^n‘CH,. The 
end groups are CH„ and must be considered as inactive. It 
was therefore to be expected that the X-ray measurements 
would indicate the existence of only a single layer between 
successive planes ; and indeed this was found to be the case in 
the majority of the ketones. There were, however, a few ex¬ 
ceptions which gave spacings twice as great as were expected, 
pointing to the existence of a double layer. These were not 
distributed at random, but were all methyl ketones of formula 
CH,'(CH jn* CO*CH,. In these cases the CO group was as near 
as possible to the end of the molecule, sufficiently near in fact to 
convert the end of the molecule into an active one consisting of 
the group COCH,. If the oxygen was moved one place farther 
from the end, to give the ethyl ketones of formula 
CO*CH,'CH*, the effect vanished, the oxygen being now too 
far from the end to make its influence felt. A similar behaviour 
was observed in the ester series, CHj‘(CH,)«*CO‘0'(CHp«*CHg. 
The majority showed, like the ketones, a single layer, but the 
acetates, CH,‘(CH,),* 0 -C 0 -CH„ gave much greater spacings, 
a gain suggesting the double layer. The methyl esters 
CH,*(CH,)a*CO* 0 'CH„ which gave only the single layer, sug¬ 
gested that it was the double-bonded oxygen and not the 
oxygra in the chain which was responsible for the activity. 

These measurements bring home to us ve^ deaiiy that the 
basis of the molecules in these aliphatic series is a lojw opeit 
nhoin of carbon atoms; that the molecule increases unworady 
in length with the addition of CHa groups. The actual nteasnrn* 
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mentft of the lengths of the molecules is complicated by the fact 
that we do not know the angle which the molecules make with 
the planes whose distance apart we measure, but perhaps a 
little sp>eculation as to the nature and dimensions of the chains is 
justifiable. Once more we turn to the diamond structure for a 
suggestion. Throughout fhe diamond there run in all directions 
zig-zag chains of carbon atoms, all the carbons being in the 
same plane and the angle of the zig-zag being the tetrahedral 
angle of 109® 28'. In the diamond we know the dimensions of 
these chains, and we find that the addition of a carbon to the 
chain results in an increase of its length of i *26 A.U. (i A.U. 

10—• cm.) In the aliphatic series so far examined, it has been 
found that the rate of increase per CH2 group of the distance 
"between successive planes, after allowance for the double layer 
where it exists, has a strong tendency to approximate to one or 
other of two values, one about i *05, the other about i *27 A.U. 
The latter value is very nearly the same as that found in the 
diamond, so that, if we assume the chains to be identical, 
molecules in the series which show this rate of change must be 
arranged very nearly normal to the planes. If the chain 
structure remains unaltered, the value i *05 must result from a 
decided tilt of the molecules away from the normal. The 
tilt would have to be about 30®, and it is interesting to find 
that in the only single crystal measurements which have so far 
been made, those of stearic acid, the angle between the a and c 
axes of the monoclinic crystals is 59’7®, so that the angle 
between the c axis and the normal to thee plane is 30*3®. Further, 
stearic acid belongs to one of the series which show the smaller 
rate of increase. Until many more single crystals of typical 
members of the various series have been examined, it is im¬ 
possible to arrive at definite conclusions, but, on the whole, the 
balance of evidence at present suggests that the chain of 
carbons which forms the basis of these molecules resembles 
closely the zig-zag chain of the diamond. It is interesting 
in this connection to notice that there is a very decided tendency 
in monoclinic crystals for the angle $ to approximate to one 
or other of the two values 90® or 60®, and the two rates of 
increase observed in the aliphatic series suggest that what really 
occurs is not two different types of chain but one type only, and 
that the observed difference is due to a variation in the angle 
which the direction of length of the molecule makes with the 
normal to the cleavage plane. 

While the len^h of the molecule appears to be determined 
by the number of carbons it contains, it is possible to observe 
the effect of an irregularity in the chain such as the CO group 
in ketmie series. The length of the ketone molecule does 
not dep<md on the position of this group, but only on the total 
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number of carbons. On the other hand the carbonyl group 
has a very noticeable effect on the distribution of intensity 
among the various orders of reflection ffom the laige spacing 
planes. A very large number of these orders can be observed, 
and it is possible, on simple assumptions which need not be 
detailed here, to calculate the variation in the distribution of 
intensity according to the position of the oxygen atom in the 
chain. Thus, for example, if the oxygen is half-way along the 
length of the molecule, the even orders will be very weak 
relative to the odd orders ; if it is one-third of the way along, 
the third, sixth, ninth, etc., orders will tend to disappear, 
and so on. Comparison with experiment shows a good agree¬ 
ment with the theory, good enough, indeed, to enable us to 
fix with reasonable accuracy the position of the carbonyl group 
by a qualitative examination of the intensity distribution. In 
this way, too, we find a confirmation of the assumption that 
in the structures of chain compounds which show a double layer, 
these layers are oppositely oriented. The observed intensities 
are in agreement with calculations based on this assumption, 
and would be in entire disagreement with the hypothesis that 
the two molecules were placed end to end in the same direction. 
Also the di-n-ketones of formula CH3'(CHj)a-CO*(CH|^B*CH, 
show intensities very similar to those of many of the double 
spacing series. Although in these there is only a single layer 
of molecules, it is clear that they might be considered as a 
double layer of half molecules CHg*(CH,)B'i(CO), placed end 
to end in opposite directions. 

The results of the X-ray measurements of these compounds 
have been dealt with at perhaps undue length, because it 
appears that even the preliminary results of their investigation 
suggest strongly the similarity of the molecule as described by 
the chemist to that found in the solid smte. .Even if all that 
had been known as to the structure of these molecules had been 
their carbon content, the X-ray spectra would immediately 
have suggested that the key to their structural formula was a 
long chain of carbon atoms. The X-ray data would have been 
impossible to reconcile in any simple way with a ring formation 
or with a ring formation combined with a chain. The X-ray 
work confirms in a striking way all the conclusions reached by 
the chemist, so that it would appear that the molecule in the 
crystal is, in these cases at any rate, extremely like the molecule 
in solution. 

The characteristic grouping of the molecules which form 
the contents of the unit cell must in the end serve to explain 
all the physical properties of the solid. At the present stage of 
development we are far from being able to offer anything like a 
complete explanation, but already some interesting attempts 
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have been made in this direction. Tartaric acid offers an 
example. One of its most notable properties is its power of 
rotating the plane of polarisation of light. In both the solid 
state and in solution tartaric acid has this property, but the 
rotation in solution differs in magnitude and direction from the 
rotation in the solid. Astbury,* who worked out its structure 
by X-ray examination, has made an interesting suggestion 
to explain this. Following Bragg’s idea that the rotatory 
power was the result of some spiral arrangement of the atoms, 
Astbury found that two such spirals could be identified in the 
structure. One was connected with the four central carbon 
atoms of the molecule, while the second resulted from the way 
in which the molecules combined to form the crystal unit. 
These two spirals were in opposite directions, so that in 
the solid the resultant rotation would be the difference of the 
two. In the liquid, on the other hand, only one spiral existed, 
that connected with the central carbons. Thus, at least, a 
qualitative explanation of the rotatory dispersion of tartaric 
acid appeared to follow from the structure suggested by the 
X-ray examination. The subject is still too undeveloped for 
us to expect to be able to explain all the properties of the solid, 
and it will only be after a prolonged investigation of a series 
of compounds which show some characteristic property that 
we can hope to find what special configuration gives rise to the 
property in question. 

Besides throwing light on the spatial arrangements of the 
atoms in the molecule, and demonstrating how it is that the 
molecules are packed together in the solid, it is possible that 
X-ray analysis may be of service in the determination of 
molecular weights in cases where the ordinary methods fail 
or are difficult to apply. We can measure the dimensions of the 
cell, and therefore, if we know the density, the mass. We also 
know how many molecules are necessarily present in the cell in 
order that it may show the S3nnmetry peculiar to its crystal 
class. If the molecule itself possesses no symmetry, and the 
great majority of complicated organic molecules must be 
asymmetric, then, by dividing the mass of the cell by the 
necessary number of molecules, we determine the mass of the 
single molecule. This assumes that the minimum number of 
molecules necessary for the ssrmmetry is present in the cell. 
Thus, if the crystal possesses only a twofold axis of symmetry, 
two molecules are necessary, the second derived from the 
first by a rotation of 180® about the axis. There is no mathe¬ 
matics reason why there should not be present in the cell any 
multiple of this number, but it would appear to be a fairly 
general rule that nature uses only the minimum amount of 

• W. T. Astiairy. Proe. Roy. Soc. A., 108 ,506, 191$, 
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material to attain its ends. When, as occasionally happens, 
ive find more molecules than are necessary, it is probable that 
some form of chemical polymerisation is taking place. This 
is essentially different from the grouping together of a number 
of molecules to form the crystal unit. That combination 
results in the group having the symmetry which the crystal 
shows, whereas the other type merely results in a combination 
of molecules without the introduction of symmetry, and it 
seems probable that it is very similar to ordinary chemical 
polymerisation. We should expect to find that when the 
solid shows this polymerisation, it will also be present in solution, 
4 md in most cases we do find evidence of its existence. There 
are some exceptions, notably fumaric acid. Miss Yardley ‘ 
has shown that there are six molecules in the unit triclinic cell 
whereas we should not expect more than two. In the solid it 
would appear that the molecular formula is (CjHj(CO,H)j)„ 
and not (C,H,(C02H)2). It is to be expected that when pofy- 
merisation occurs in solution it will also be present in the solid, 
but it is interesting to find evidence of it in the solid where none 
was suspected in the solution. In the case of very complicated 
molecules whose molecular weight determinations are difficult 
or in cases where polymerisation may occur, it may perhaps 
be helpful to combine the chemical methods with an X-ray 
analysis of the solid substance. 

In this account it has only been possible to describe a few 
of the results obtained in the organic field, and no mention 
has been made of the interesting work which has been done 
along other lines. A great many inorganic substances have 
now been examined, and it is perhaps in this direction that 
the chemist will find X-rays most helpful. In fact, at present it 
would seem that only by X-ray analysis can inorganic raemistry 
be placed on as sound a structural basis as organic. In that 
field also, much valuable work has been done in attempts to 
explain the properties of the various substances in terms of 
the relative positions of the various atoms in the fundamental 
unit ; one of the most notable recent achievements being 
W. L. Bragg’s evaluation of the two refractive indices of calcite 
from calculations based on the structure of the unit cell. 

In the twelve years which have passed since the eaiiiest 
experiments, the progress has been rapid, and although it may 
be admitted that up to the present X-rays have told the 
chemist little that he did not know without their aid, it seems 
more than likely that in the future no research chemical 
laboratory will be complete without an X-ray spectrometer, 
whether the aims of the laboratory are to extend pure 
chemistry or to further its applications to industry. 

* K. Yaidlejr, J.CS., VK 9 , 2207,1925. 



THE RECAPITULATION THEORY 

By professor E. W. MacBRIDE, F.R.S. 

Imperial College oi Scienu and Technologyt London 

The so-called biogenetic law of Haeckel, that the developing 
organism,in its growth from the egg to the adult stage, “ recapitu¬ 
lates ” the past history of the race, was one of the most fascinat¬ 
ing additions to the theory of evolution which was made 
during the nineteenth century. The publication of the first 
edition of the Origin of Species took place in 1859, and Haeckel’s 
General Morphology, in which this law was enunciated, 
appeared in 1866. The belief in the validity of this law was 
the stimulating impulse to zoological research for over forty 
years. The enthusiasm evoked by it, particularly in the 
younger men of the time, can be understood when we reflect 
upon the clues actually available for following up the course 
of evolution. 

There are, in fact, three sources of evidence for the ancestry 
of existing forms, viz. (i) the comparative study of allied species, 
(2) the study of fossils, and (3) the study of development. The 
comparison with one another of allied species yields valuable 
information as to the most recent steps in evolution. When 
we find a uniform type of structure prevailing throughout 
almost all the members of a group of animals, and one or two 
exhibit divergences from this type, then we feel convinced that 
the type is older and that the divergences are recent develop¬ 
ments of it. There is of course, and can be, no absolute proof 
that this is so ; but the fact that all serious students of the 
animals in (|[uestion feel unable to come to any other conclusion 
is presumptive proof enough for all reasonable men. Thus we 
feel sure that the air-breathing catfish of India (Clarias) with 
its curious pulmonary trees has been recently evolved from an 
ordinary type of cat-fish, that the flying-squirrel (Sciuropterus), 
with its parachute-like fold of skin extending between knee and 
elbow, is a development from the ordinary kind of squirrel. 
When, however, we attempt to follow the evolutionary process 
farther back, and comiect together different orders or classes, 
our condusions grow more and more uncertain. All such 
attempts implicitly assume that some group of animals has 
stood stUl, whUst an allied group has progressed in evolution. 

4 ®* 
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This may have happened, but it is utterly impossible to be sure 
that it has actually occurred. Attempts have been xnade to 
show that Mollusca, for instance, are descended from Platy- 
helminthes or from Sagitta. We can in imagination construct 
an intermediate series of types; but did such types actually 
exist? One zoolo|^st thinly they may have existed, another 
that they did not, and the general feeling of those taking no 
part in the controversy is that no certainty at all can be 
attained on the subject, and that the further inquiry into such 
questions is waste of time. 

The study of fossils offers a much better promise of throwing 
light on the progress of evolution than the study of living 
forms. In certain favourable localities, especially in America, 
there are continuous series of beds thousands of feet thick and 
richly fossiliferous. We find the remains of a certain kind of 
animal in the lowest beds, and as we ascend in the series we find 
the remains of other animals closely allied to those in the basal 
beds, but diverging more and more as we approach the top 
of the series ; and the conclusion is irresistibly forced on us 
that we are dealing with an evolutionary history. If, to take 
an instance, we examine the series of primitive horses of 
Oligocene date, we find that they all had three well-developed 
toes on both fore- and hind-feet. As we pass upwards in the 
series toward Miocene and Pliocene beds, the outer toes slowly 
diminish in size, until in modern horses they are represented by 
the vestigial splint bones hidden under the skin. Yet the 
process is so gradual, and immediately succeeding types resemble 
one another so closely, that as one eminent palaeontologist 
expressed it to meI assure you that these lateral toes diminish 
in size only by millimeters at a time.” We may cordially 
agree with Huxley in stating that in such successions we get 
at once the final proof of the evolution theory, and the best 
light on its actual course. Nevertheless, this light illuminates 
at best a very limited field. It is a truism to say that only 
the hard parts of extinct animals are preserved, and these hard 
parts are only of value when they stand in close relation to the 
general morphology of the soft parts. Thus in the phyla 
Vertebrata and in Arthropoda we get a very fair idea of what 
extinct forms were like from the study of their skeletons, biit 
although we have abundant remains of Mollusca, who would 
venture to deduce anything as to the condition of the internal 
structure of the animals from their shells? We can trace 
beautiful evolutionary series in the development of the feeding 
qf the edges of the septa and of the external sculpturing of the 
shells of Ammonites, but what were the animals like whtdh 
inhabited them ? Had they the primitive structure of the living 
Nautilus, or were they like Spirpla whidi still retains a o^ted. 
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chfunl>efed shell, but is in other respects a very ordinary 
cattlc'fish ? Who can tell ? 

If, however, embryology really is a recapitulation of past 
histoiy, thence, since all the higher animals begin their life- 
histones as eggs, which in general structure are fundamentally 
similar to the lowest protozoa, we have the prospect opened 
to us of tracing the history of life from the very beginning; 
and it was the insight into the vast possibilities enshrined in 
the study of embryology that led Haeckel to pen his Schopfungs- 
gtsckickte. 

When, however, we look into the reasons for this belief we 
find that they are all deductions from the other two classes of 
evidence. We select cases where a portion of the evolutionary 
history is made plain, either by the study of allied forms or 
of fossils, and then we compare this record with the information 
derived from the life-history of a living form, and it is the 
startling agreement between the two classes of evidence, which 
in many cases we obtain, which drives home the conviction 
that in the embryological record we are really dealing with 
racial history. One or two striking instances of this agreement 
may be given. We have already mentioned the Indian cat¬ 
fish Clarias, which differs from other cat-fish in breathing 
air and in having two tree-like organs for absorbing air growing 
out above its gills. From comparative anatomy we deduce 
that Clarias is derived from ordinary cat-fish, and that these 
modifications of its structure are recent innovations. Now 
when young post-larval Clarias are examined they are found 
to be in all respects similar to ordinary cat-fish and they live 
exclusively in the water. Only as they grow older do they 
begin to emerge into the air, and to acquire their pulmonary 
trees. 

Again, it is a familiar fact to comparative anatomists that 
the hmge of the lower jaw and skull is differently constructed 
in Mammals from what it b in Reptiles and Birds. In the two 
latter classes the lower jaw is a composite structure consisting 
of at least five bones, and one of these (the articular) hinges 
with a squarish bone called the quadrate, which is either loosely 
or immovably joined to the bones of the skull. The bony 
style, which connects the inner and outer drums of the ear 
(the fenestra ovalis and the tsrmpanic membrane) is a single 
slender bone. In Mammals, on the other hand, the lower jaw 
is a single bone, termed the dentanr, corresponding to one of 
the five bones of the lower jaw of the Reptile, which is not 
involved in the articulation. But in Mammals the dentarv 
articulates directly with one of the covering bones of the skull 
(the squamosal), and the inner and outer drums of the ear 
are connected by a diain of small bones, viz. the stapes, the 
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incus, and the malleus, of which the first is pressed against 
the inner drum. 

Now the study of the skulls of adult livi^ forms led to the 
conclusion, that in developing out of Reptiles, Mammals had 
transformed the ancestral quadrate into the tympanic, a bone 
which encircles the base of the outer ear. The study of mamma* 
lian embryos, on the other hand, led to the paradoxical result 
that the reptilian articular bone had become the mammalian 
malleus, and that the quadrate had been transformed into the 
incus. If this was really a record of racial history it was very 
difficult to see how the various steps of it could have been 
realised in actual living functioning ancestors. So at the time 
of my own student-life it was customary to regard this develop¬ 
ment as a secondary modification and not as a record of history, 
and to give preference to the view of evolution suggested by 
the comparison of adult skulls. Since that time the fossil 
record recovered from skulls preserved in the Permian and 
Triassic deposits of Africa has shown that'the embryological 
story of racial history is correct, and we have demonstrated 
before our eyes how the intermediate stages actually worked. 

Again, all students of zoology are agreed that somehow the 
five-fingered hand of land vertebrates has been developed out 
of a fi^’s fin, and most would admit that it must have come 
from the peculiar feather-shaped fin of the Devonian fish, 
which immediately preceded the first newt-like Amphibiains. 
Now Steiner, from a study of the embryonic development of 
the bird’s wing, has arrived at the conclusion that the fourth 
finger represents the original axis of the feather-like fin, the 
fifth finger being the only remnant of the post-axial rays remain¬ 
ing, whilst the first, second, and third fingers represent the 

{ )re-axial rays. Prof. D. M. Watson from the study of the 
bssil Crossopterygian fish of the Devonian has independently 
arrived at exactly the same conclusion I 

But every embryologist, from Haeckel onwards, is ready to 
admit that there are other factors beside racial history involved 
in fashioning the embryological record. These secondary 
factors, which Balfour called “ falsifications of the record,*' 
are of many kinds, and it was the neglect of the duty of trying 
to define and eliminate these which, during the later years of 
the nineteenth century and the opening part of twentieth 
cdnttuy, brought the recapitulatory interpretation of embryo- 
1 (^ into disrepute. Enthusiastic workers championed different 
views of the ancestry of the same class ; any awkward features 
of the life-history difficult to reconcile with their particular 
views were instantly dismissed as secondary; ana airinaala 
were regarded. as capable of the most extraordinary feats, 
such as forming a new mouth or a new anus, or even an entirdy 
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sew alimentary canal, leaving the old one to serve as the central 
canal of the nervous system I 

It would occupy far too much space were we to deal with 
ail these secondary features in detail; we propose to consider 
carefully only one of them, namely the mutual relationship of 
the embryonic and larval phases of devdopment, and to bestow 
a passing glance on one or two others. We call a developmental 
stage an embryo when it is sheltered within an egg or within 
the maternal womb, being fed in the first case by yolk stored 
in its protoplasm, and in the second case by the secretions of 
the mother. We call a development stage a larva when it 
moves freely about and seeks its own food. In every life- 
history there is both an embryonic and a larval phase, for no 
animal lays naked eggs ; and so the earliest stages of develop¬ 
ment are always passed within the shelter of an egg-shell or a 
womb, and no animal, when it finally emerges from the egg¬ 
shell or from the womb of the mother, is exactly like the parent, 
and so the concluding stages of development are always larval. 

Now the question at once arises. Is the embryo a secondary, 
modified larva, or the larval stage a secondary falsification of 
the story of development ? From the fact that the latest phase 
of development, which is the most recent chapter added to the 
life-histo^, is always larval we should be forced to draw the 
conclusion that the larval phase is the primary one. But the 
opposite opinion has been stated by high authorities. The most 
familiar larva to us all is the tadpole of the frog, and we note 
that Boulenger in his account of the Anura of Europe declares 
his belief that the tadpole stage is a secondarily intercalated 
phase in the ontogeny. We shall now adduce some evidence 
to show that the larval phase is really primary. 

There are two Salamanders in Europe, viz. the Fire Sala¬ 
mander (S. maculosa), which has a black skin diversified by 
yellow spots, and the Black Salamander ( 5 . atra), with a purely 
black skin. Both species are viviparous, but the young of 
S. maculosa are provided with long, feathery external gills, and 
when bom take to the water and live in it for six months 
before emerging to take up land life. The young of S. atra 
on the contrary are devoid of gills, and at once take to land 
life. Yet if the womb of a pregnant S. atra be opened embryos 
with long, feathery gills are seen therein, and if these embryos 
are thrown into water some will survive and live in it and 
eventually metamorphose and come on land just like the 
^ung of 5 . maculosa. A^in, if we examine the Anura (frogs 
and toads) in which a t3rpical tadpole phase occurs in the li^ 
history, we do find some species with what is called “ direct 
development ”, in which no tadpole stage is found. Such a 
form, tor instance, is Hylodes, the tree-toad of the West Indies 



466 SCIENCE PROGRESS 

represented by various species in the different islands. From 
the somewhat lai^e eggs of this form there emerge little fh>glings» 
ready to live on land. But if the developing egg be openira* 
there is found within it a perfectly formed tadpole with gills 
and tail. 

Such instances could be multiplied, and they make it per¬ 
fectly clear that the embryo is a modified larva. The credit 
for this far-reaching conclusion belongs to the late Prof. 
Sedgwick, who enunciated it in 1894, and we may now briefly 
study the modifications which the embryonic mode of life 
entails. 

The larva has to make use of its organs of sensation, move¬ 
ment, and nutrition ; it must discover its food, chase and seize 
it, and digest it; it must also evade its enemies. Therefore 
its oi^ans must be functional ; but the embryo has to make 
no exertions to get its food, and its organs during embryonic 
life have no function ; and so they become,simplified till they 
may be reduced to mere sketches of the ancestral oig^ans. 
The alimentary canal may be solid in whole or in part; 
the mouth may be temporarily occluded, for no nourishment is 
taken by the mouth, and it is the uncritical interpretation of 
facts like these which has led to the wild theories to which 
we have alluded above. 

We may illustrate these secondary modifications by con¬ 
sidering the case of the Nauplius larva of the Crustacea. This 
larva has led to a famous controversy, and it shows in the 
clearest way what is the real nature of the recapitulatory 
element. It is typically a little oval, unsegmented creature, 
with a ventral mouth covered by a very large upper lip and a 
terminal anus. There are three pairs of legs, one pair con¬ 
sisting of a very few joints and unbranched, being situated in 
front of the mouth and acting as feelers, and two pairs behind 
the mouth both forked, and in each case carrying a so-called 
masticatory hook on the inner branch. Fritz Miiller, who first 
described the larva, regarded it as representing the veritable 
ancestor of all the Crustacea, for it occurs in t5rpical form in the 

S eat groups of the Phyllopoda, Copepoda, Cirripedia, and the 
alacostraca. Amongst the Ostracoda it is also present, but 
in a secondarily modified form. He concluded, ther^ore, 
tiiat the Crustacea were sprung from a stock of small, uns^ 
mented creatures, and that segmentation had been secondarily 
developed amongst them. Hathchek pointed out that such a 
view would cut the Crustacea off from all relationship with the 
Insecta and Arachnida, the youngest stages of which exhibit 
well-marked segmentation. We shall discuss the merits of 
this dispute later. We may now examine what happens In 
the development of the hignor Malacostraca (crabs, lobsters^ 
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shrimps), in which the embiyo emerges from the shdl as a 
segmented animal with numerous appendages. If we open 
the eggs of these creatures at earlier stages of devdopment, 
we find a well-marked stage with only three pairs of appendages 
altogether, and only one pair in front of the mouth. At this 
stage there is a distinct pause in development, and a cuticle 
is thrown off, in fact an ecdysis or moult occurs within the egg¬ 
shell. This stage evidently corresponds to the Nauplius larva. 
But the Nauplius embryo, as we may call it, differs from the 
Nauplius larva in that the appendages are unjointed stumps ; 
the alimentary canal is a swollen, rounded mass of yolk im¬ 
perfectly covered with cells, and contained within the hump- 
like back ; and the stomodaeum, or ectodermal hall-way of 
the gut, which in the larva is in open free communication with 
the intestine, is in the embryo a blind pit. Yolk, indeed, is 
one of the principal offenders in the distortion of the embryo- 
logical record. When it is present in quantity it swells up the 
part of the embryo in which it is lodged, and inhibits cell 
formation and development, so that whilst the rest of the 
embryo advances towards the adult condition, the part con¬ 
taining yolk remains relatively undeveloped, and forms an 
appendage, the well-known yolk-sac so familiar to students 
of the life-history of fish. But the other t3rpe of embryo, 
viz. that which absorbs secretions from the mother, is also liable 
to great distortion. This type, familiar to us all in the class 
Mammalia to which we ourselves belong, often converts a large 
portion of the emb^onic surface into an organ (the placenta) 
for absorbing nutrition from the wall of the womb. This 
portion of the embryonic surface undergoes a transformation 
which renders its original condition quite unrecognisable, 
and so it comes about that the human embryo, which develops 
the most specialised placenta, is in its ventral portion repre¬ 
sented by a stalk amd a flattened sac, whilst in its dorsal 
portion it exhibits the most ludicrous resemblance to the 
tadpole of a frog. The neck which in the tadpole separates 
the region of the gills from that of the trunk is clearly seen 
in the human embryo ; it has nothing to do with the adult 
neck. The vessels supplying the gills in the tadpole are reduced 
in number and modified with the taking up of aerial life; 
those of the human embryo resemble those of the tadpoles 
and are reduced in the same order. 

We may now return to the question of the ancestral signifi¬ 
cance of the Nauplius larva. The phylum Arthropoda, which 
ii^dudes as its main branches the Insecta, the Arachnida, and 
the Crustacea, is clearly related to the segmented worms. Ihie 
embryos of Insecta and Arachnida in their segmentation and 
hi tfadr body-cavities show this unequivocally, and unless we 
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accept the idea that the Arthropoda are not a natural group/ 
but really include two fundamentally distinct strains whiim 
have acquired a superficial resemblance to one another, the 
view that Crustacea are derived from an unsegmented ancestor 
becomes untenable. 

Now, although the various types of Nauplius larvae agree 
in their broad, general features, they are by no means exactly 
alike. If, for instance, we examine the Nauplius larva of the 
Phyllopoda, we can find in it some most interesting features, 
not developed in other types of Nauplii. The Phyllopoda, on 
account of their flexible cuticle and the delicate leaf-like 
character of most of their appendages, are that group of 
Crustacea which most closely resemble worms, and are on that 
account regarded as the most primitive. The larvae of the 
Phyllopod genus Chirocephalus, which I had the opportunity 
of seeing alive the other day, show, even before they leave the 
egg, a most distinct segmentation of the region behind the 
mouth, and in the Chirocephalus Nauplius, as in all other 
Phyllopod Nauplii, this region is unusually elongated. 
Dr. Oinnon has shown that other Phyllopod Nauplii, even 
although they may hatch with this region unsegmented, acquire 
segmentation in it almost immediately afterwards, before 
any but the Naupliar appendages are developed. This larva, 
therefore, would indicate a segmental ancestor in which the 
first three pairs of appendages were greatly enlarged and 
modified, and played a dominating part in the life of the animal. 
The other segments may have had leaf-like appendages of little 
physiological importance ; if so, these have been suppressed, 
and are not represented in the larva. Now this conclusion 
fits in admirably with the known facts. The earliest Arthro¬ 
poda known to us, and in many ways the most primitive, 
were the Trilobita. There was in the oldest of these a partial 
“ cephalisation,” that is a fusion of the first few segments to 
form a head. A similar cephalisation appears in an incipient 
form in some Annelidan worms. But with the exception of 
the unbranched jointed antenna, which is situated in front of 
the mouth, all the other appendages of the body, including 
those of the head, are similar to one another ; they are flattened 
leaf-like limbs, each divided into two branches, and each 
bearing on the inner branch a masticatory hook. Since, in 
the Nauplius, there is also only one appendage in front of the 
mouth, this larva might be almost described as a microscopic 
Trilobite, in which the first two post-oral pairs of limbs are 
enlarged and develo^d into powerful swimming oigans. In 
the wonderful Mid-Cambrian fauna from British Columbini 
described by Walcott, there occurs a peculiar Trilobite, which 
he has nahied Marr$lla, in which the second and third pairs of 
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appendages are g^eatljr enlai^ed, so as to form long, forked 
limbs, vmilst the remaining limbs remain thin and foliaceous, 
and obviously ph3^iologirally unimportant. Marrella may, 
therefore, be the actual ancestor of Crustacea, which is repre** 
seated by the Chirocephalus Nauplius. 

To convert Marella into a primitive Crustacean it is neces¬ 
sary that the second appendage should migrate in front of 
the mouth and lose its masticatory process, and that the 
masticatory process of the third appendage should be enlaiged, 
and the distal joint of this limb much reduced. These changes 
actually occur during the further growth of the Nauplius. 
We see now that the recapitulation embodied in a larva consists 
essentially in the reproduction of a former physiological condition 
of the race. 

The functionally important organs of that state are developed 
and emphasised, whilst the relatively unimportant organs are 
suppressed. In a word, recapitulation may be compared to 
memory ; it really is the repetition of former habits. Nor is 
this comparison fanciful. The word “ memory ” is applied 
to denote two different things which, according to Bergson 
and McDougall, are of radically different nature. There is 
sensorial memory, by which is meant the return to consciousness 
of past scenes and events, and there is what we may call habi- 
tudinal memory, that is the revival of lost habits and lost skill. 
If, when young, we have learnt to play a game like golf or 
tennis, and then in the early years of manhood have had no 
time to practise it, and we take it up again in middle age, 
we shall find that a part, but not all, of our skill is revived. 
On the other hand, Bergson holds that as regards sensorial 
memory, nothing ever perceived and attended to is ever for¬ 
gotten ; though it may be submerged in the sub-conscious 
stratum of our psychic life, it can be recalled if the appropriate 
stimulus is produced. 

Now it has been recently proved that habitudinal memory 
is hereditary, and that, therefore, the phrase " racial memory ” 
is justified, Kammerer enclosed specimens of Salamandra 
maculosa immediately after they had metamorphosed and taken 
up land-life in yellow boxes, and showed that as they grew to 
maturity the yellow patches on the integument grew in size. 
This experiment, though not accepted by Herbst, who tried to 
repeat it and failed, we ourselves have recently succeeded in 
confirming. When two " yellowed ” specimens were mated 
t<igether, they produced young which at metamorphosis were 
coosidorably yellower than their parents had been at the corre- 
^Mnding stage of development, and when these young were 
{^aeed in black boxes they steadily turned yellower for the first 
yi^ of their Uves, and then, and then only, did the mfluence of 
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the black environment begin to tell and the yellow .mot$ 
diminished in size. In a word, thoso young recapiiulam itw 
partntal habits. Similarly Durl^en, by enclosing the cater* 
pillars of the ordinary white butterfly, Pieris brassica, in boxes 
with lids of orange-tinted glass, succeeded in getting pupae 
of a bright-green colour. In these pupae the chalky-white 
colour of the cuticle of the normal pupa was suppressed, and 
the green blood shone through. When these pupae became 
imagines and were allowed to lay eggs and caterpillars were 
reared from these eggs, no less than 34 per cent, of the resulting 
pupae were green, in spite of the fact that all the caterpillars 
had been exposed to bright, ordinary daylight. The results 
of these experiments, which are either not known to most 
zoologists or deliberately ignored by them, constitute the 
strongest argument in favour of the recapitulatory hypothesis 
that has been put forward. 

Prof. W. Garstang * has recently made an attack on the 
doctrine of recapitulation in the Journal of the Linnean Society, 
and it would therefore seem appropriate to consider the argu¬ 
ments which he brings forward. It is a little difficult to be 
quite clear about his position, for it is really impossible for a 
competent marine biologist, and especially for a specialist in 
Tumcata, like Prof. Garstang, to deny the fact that the Tunicate 
tadpole indicates a former free-swimming ancestor of the 
Tunicata, which was provided with a notochord. But his 
arguments appear to be as follows : the Haeckelian presentation 
of the recapitulation theory implied that as an animal progressed 
in evolution, it added to the length of its life, and that it first 
traversed the period of life which its ancestors had enjoyed, 
and when it had reached what was formerly the adult con¬ 
dition, it then continued to live, and passed into a new adult 
form. This he asserts is absurd; evolution did not take place 
by the influence of the environment on the adult, but by 
inexplicable chance mutations in the eggs, which conferred on 
them new powers of development (the opening of a Pandora 
box of tricks as he fancifully calls it). As a result of these 
mutations, the former adult stage was replaced by a different 
one, and the larva represents, not an ancestral adult stage, but 
an old larval stage modified. 

These theses Prof. Garstang endeavours to support by 
showing that the alleged ancestral st^es in various life-tiistories 
do not correspond to any real ancestor of the race. In order 
to do this, he is forced to construct imaginary phylogenies of 
various groups of animals by the most dangerous of all methods, 

> ‘•’tha Tbsory of Racwitalstion: a Critical Restatement of the Bio- 
genetic Law," by Walter Garstang, MA., D.Sc„ Prof, of Zoology in 'Uie 
University of Leeds. Limmun Sodety’t JewnuU, voL xxxv, September xptll.' 
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viz. the comj^arison with one another of living adult forms. 
It would require too detailed a discussion of the special anatomy 
of each separate group to show the radical unsoundness of 
Prof. Garstang's conclusions, but one delicious piece of bluff 
must not pass unnoticed. Prof. Garstang in referring to the 
alleged ancestral significance of the pro-legs on the abdomen 
of a caterpillar says : " The time has long passed when it was 
possible to regard these pro-legs as homologues and derivatives 
of the true legs of some Scolopendroid ancestor." In reply 
to this we may note that one of our foremost living entomolo- 
gists, Dr. Tillyard, F.R.S., of the Cawthron Institute, New 
Zealand, holds this very view, and Prof. Garstang would have 
been well advised to have consulted more of the leading authori¬ 
ties in each group before he committed himself to such rash 
and dogmatic statements. 

In answering an opponent, it is wise to examine and freely 
admit the element of truth contained in his arguments. We 
may agree with Prof. Garstang that it is unlikely that an animal 
in passing from stage to stage of evolution added new periods 
to the duration of its life, although even this contingency must 
be admitted in some cases. If we examine the group of the 
Nematoda, we find that the free-living forms, which are univer¬ 
sally regarded as the most primitive members of the group, 
are minute worms, closely resembling the free-living larvae 
(Rhabdites) of the parasitic forms. These little free-living 
forms produce only small ovaries containing few eggs ; and it 
is clear that if and when such forms in their search for food 
succeeded in penetrating the bodies of other animals and 
maintaining themselves there, their lives and their powers 
oi mrowth, in the presence of abundant supplies of stimulating 
food would both undergo an indefinite amount of extension. 

We hold no brief for Haeckel, and by no means subscribe 
to all his views, but does Prof. Garstang seriously suppose that 
such a vigorous and far-sighted biologist as Haeckel would 
ovca'look the obvious - fact, that if the life-history of an 
animal became changed, the hereditary potentialities of the 
zygote must also have been changed ? 

The question which arises is how the hereditapr potentiali¬ 
ties of the zygote have been altered, and on this subject we 
shall have a few words to say before closing this article. 

But the answer to Prof. Garstang’s supposed necessity of 
a continually lengthened duration of life is so clear and obvious 
that it is quite evident that he is not an embryologist, or he 
never would have posed this objection. The phrase " adult 
ttstfe " is hopelessly ambiguous. 

In life-histories, where there is a larval stage diffoing 
iparkedly from the adult stage, the metamorphosis is the record 
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or " memory " of a change of habits whidi was made the 
race at one period of its history, but when the ” adult condition " 
is attained, growth does not cease. Herrick, in his monog^nph 
of the American lobster, figures what he calls the “ adult 
stage" in a specimen i| inches long. The shore sea-urchin 
Echinus miliaris may attain a diameter of 2 inches; the develop¬ 
ment of the test of this species has recently been worked out 
in the laboratory of the Imperial College of Science, and all the 
adult features are present in a specimen f of an inch in diameter. 
It is obvious that if any species of animals is to undergo evolu¬ 
tion, which means adopting new habits, especially in the matt^ 
of finding food, its organisation must be to some extent plastic, 
for as the proverb wisely says, " you cannot teach an old dog 
tricks " ; but there is such a long period of growth after tM 
adult condition has been attained that there is abundant scope 
for such a change. If we then say that the life-history records 
the changes which the “ young adults " pf other generations 
have undergone, we shall be justified by v^at we know of 
embryology, and we shall have removed Prof. Garstang’s 
difficulty. 

Prof. Garstang’s other objections may be briefly dealt with. 
They resolve themselves into the argument that in most cases 
the larval stage cannot exactly resemble an ancestor. Neithw 
Haeckel nor any other embryologist ever contended for such an 
absurd proposition as Prof. Garstang attributes to them. 
Haeckel says that ontogeny is a " shortened recapitulation " 
of phylogeny, and as we have already stated all students of 
embryology have admitted the existence of secondary modifying 
factors. We have tried to show that what is recapitulated is 
not ancestral structure as such, but ancestral habits or, perhaps 
we may more wisely say, an ancestral physiological conation— 
and this recapitulation or recall we have compared to ancestral 
memory. Just as no memory image, however vivid, retains 
all the details of the original sensorial presentation, so the 
structure of no ancestral stage is recorded in all its details, and 
steps in the process of blurring may be traced by comparing 
the larvae of the same group of animals. We have shown the 
Kght which the Nauplius of the Phyllopod Chirocephalus 
tmows on the ancestry of Crustacea. Other Nauplii, however, 
such as those of Copepoda and Malacostraca, have lost the long 
segmented abdomen which this Nauplius exhibits. Then again, 
just as a habit by constant repetition becomes more deeply 
engrained in the constitution and comes to be more quiocfy 
learned, so larval stages tend as time goes on to be passed 
through at an earlier period of growth, and the adult sti^ to 
be more quickly attained. The complete development ot that 
primitive Mollusc Chiton has recently been worked out, ami 
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it is full of the most interesting ancestral reminiscences, but 
the' adult form " is attained when the beast is about half a 
nuUimetre long. This reduction in. size of the larva as compared 
with the corresponding stage of the ancestor has entailed 
structural simplifications, which are fully discussed in our 
IfwtrtebraU Embryology, to which the reader is referred. 

In certain cases, however, as in the higher insects, the adult 
stage of life has become an extremely dangerous one, and is 
retained merely for the sake of a brief period of propagation. 
This condition of affairs is probably due to the enormous 
development of birds. Under these circumstances the larval 
life has been prolonged, and as all the nutrition has to be accom¬ 
plished in this condition, secondary larval adaptations are 
numerous. We may sum up this discussion by saying that 
every life-history represents a blurred and partly falsified 
ancestral record ; and just as the historian extracts the truth 
from ancient, mutilated records disfigured by later interpola¬ 
tions, by stressing the points in which they agree and dis¬ 
counting those in which they differ, so must the comparative 
embryologist proceed, and only on the basis of a comparativt 
embryology can any reliable record of ancestral history be 
founded. 

Nothing surprises one more than the tone of dogmatic 
certainty about the actual course of phylogeny which Prof. 
Garstang thinks fit to adopt when endeavouring to discredit 
the embryological record. Thus, he says that there is no 
scrap of evidence that a stage like the filo-plumes of the nestling 
bird ever intervened between the condition of a reptilian scale 
and that of contour feather. The fact is that unless the 
structure and development of the filo-plume throws light on it, 
we have not a scrap of evidence that anything at all intervened 
between the scale and the feather 1 

So, too, he talks loftily of what happened when the ancestral 
Protozoon became the first Metazoon. All speculation on this 
subject is pure imagination unless we regard the egg as repre- 
sentii^; a Protozoon ancestor, and its segmentation as the record 
of the transformation of this ancestor into a Metazoon. 

We come now to Prof. Garstang’s final ai^ument that evolu¬ 
tion is due to “ zygotic mutations,” such as Morgan encountered 
in his cultures of Drosophila. ” Who with Morgan's results on 
Drosophila before him would doubt that one adult stage may 
replace another ? ” 

To this argument we can only oppose the strongest denial 
that the English language is capable of conveying. We have 
alluded at the beginning of this article to the sources of our 
«yidraoe for the course of evolution. Where this evidence is 
clearest, there is the most unequivocal testimony to the fact 
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that evolution has been slow, functional, and continuous. 
We were shown some time ago a letter from an eminent ptalaeonto* 
legist of America to a leading palaeontologist of Great Britain. In 
it occurred the passage: " All we palaeontologists of N. America 
are Lamarckists/' and the writer added that he and his col- 
leases regarded Morgan's deductions with disgust. To quite 
similar conclusions our best living systematists have been 
driven. Prof. Elliot Smith, for example, in giving a fascinating 
account to a scientific society of the evolution of the human 
brain, showed how change of habit (function) and change of 
structure had gone hand in hand ; he stated that he had 
debated the question whether change of habit or change of 
function had come first, and found that the only tenable sup¬ 
position was that change of habit had come first, and that 
change of structure had followed. 

We are gradually coming within sight of finding the causes 
for Morgan’s mutations. They seem to be due to a disharmony 
of growth associated with a weakened vital energy. That the 
different organs of the body have independent powers of growth 
has long been known; that the growth of one organ influences 
and governs the growth of the others is also known. An 
organism may be compared to a dog-team, where the pace of 
all the dogs is regulated so as to lead to an harmonious result. 
When, however, one dog trips or falls or lags behind, irregularity 
results which manifests itself in abnormal pathological growth, 
and this is a Mendelising mutation. Its ultimate cause appears 
to be the weakening of vital energy caused by the withdrawal 
of oxygen at a critical period of growth; but this weakness 
once produced is handed on to subsequent generations. As 
the mutants are all afflicted with this weakness, they are all 
in a state of nature wiped out by natural selection, and play 
no part whatever in the process of evolution. 

At the risk of being tedious we must reiterate that there is 
a growing body of evidence that the effects of the habits of one 
generation are handed on to the next, and in this principle we 
find not only the key to the explanation of the recapitulatory 
principle in life-history, but to that of the evolutionary process 
in general. After all as a leading English Mendelian has put 
it in the last resort variations are either due to chance or to 
the reaction of the animal to the environment, and betweim 
two such alternatives, what scientific man can hesitate ? 



EVOLUTION IN SPIDERS 

AN ESSAY IN PHYLOGENY 

By THEODORE H. SAVORY, B.Ai 

The courses of Evolution within the order Araneae is a branch 
of the study of spiders which has been curiously neglected. Yet 
as material in which to trace the workings of an evolutionary 
tendency, spiders are particularly suitable, for various reasons. 

In the first place, spiders as a whole form a fairly homo¬ 
geneous group, and the differences of structure between the 
primitive and specialised types are not great. The thousands 
of species and hundreds of genera of spiders therefore provide 
a dense population within a small compass ; whence it follows 
that there must be a better chance of following the direction 
taken in evolution and a smaller chance of finding gaps, faults 
and breaks in the chain, with the uncertainties that result and 
the unconvincing search for missing links that follows. 

Secondly, although the structure is homogeneous, the 
habits of spiders are diverse. Evolutionists as a whole are 
wont to base their hypotheses on the facts of morphology alone 
and scarcely to take heed of those of habits and instinct. 
Prof. E. W. MacBride has, however, recently emphasised the 
importance of the habits of the individual as a factor in evolu¬ 
tion. It is certain that we shall do well to consider them, for 
there is bound to be a correlation between habits and structure, 
whether the structure be acquired in response to the habit or 
the habit result from the use of a structure which appeared 
suddenly as a mutation. 

The habits of spiders are more particularly worthy of study, 
both because of their diversity and because of the existence of 
the spider’s web. A spider’s web is an almost unique structure 
in the whole animal langdom, since the spider is, save one, 
the larva of the caddis Hydropsyche, the only creature that 
builds a trap in which to ensnare its prey. Hence the web 
iha^ be regarded as a material expression of certain ” instincts ” 
or inherited characteristics of the central nervous S3rstem, and 
one. moreover, which affords an opportunity for architectural 
awuhms. 

Thirdly, ending this preamble, the order Araneae is fortunate 
in the possession of the primitive genus Liphistius, and its dose 
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allies, living samjples of the primitive spider and strikingly 
similar to the fossil spiders of the Carboniferous Era. 

I have recently {A.M.N.H,, 9, x, 1922, p. 444) dealt fully 
with the biolo^ of these spiders from the point of view of the 
study of primitive animals and have adduced sufficient evidence 
from facts of anatomy, geology and geography, to prove their 
primitive character without doubt. 

The first suggestion of evolutionary relationships between 
the different families of spiders was made by Thorell (On Euro¬ 
pean Spiders, 1869). In the table on Plate I of his book, 
Thorell gives a diagrammatic representation of the tracks of 
evolutionary progress, in which he makes the Tubitelariae the 
lowest group, with the Liphistioidae one of several offshoots 
therefrom. It seems, however, to me abundantly clear that 
the Liphistioidae must be the starting point. 

The authoritative work on the world’s spiders to-day is the 
Histoire Naturelle des Araignies, which we owe to the industry 
and genius of the late M. Eugene Simon. In the introduction to 
each of its thirty-eight families Simon puts forward the views 
both of himself and others as to the inter-relations of that family 
and those most closely allied to it. If one takes stock of a,ll 
these statements, one receives the impression of a direct linear 
ascent from the lowest to the highest family, with many con¬ 
venient intermediate forms, but withal plenty of room for 
divergence of opinion and an abundance of fog about the whole. 

This suggestion of a ladder-like ascent, or “ end-on ” 
evolution from one family to the next above, is most to be 
deprecated. It separates far too widely the fii^t family from 
the last, and it is not in accordance with the generally accepted 
views of the process of Organic Evolution. 

By far the most important contribution to our subject is 
a small paper, “ On Families of Spiders-" {Ann. N.Y. Acad. 
Set., xxix, 145-180), by Prof. Alex. Petrunkevitch, It would 
be aifficult to over-estimate the value and interest of this paper 
to araneologists, to whom it offers a view of spider-families far 
superior to anything they could obtain before. But I believe 
that it is now possible to carry the arguments a stage further 
than Petrunkevitch has done. 

All will readily agree with Petrunkevitch in dividing spiders 
into three sub-orders, Mygalomorphae, Arachnomorpnae and 
Liphistiomorphae. These sub-orders may be taken as repre¬ 
senting parallel and independent lines of evolution^ indeed 
Petrunkevitch himself makes no attempt to find a relation 
between them 

We are naturally concerned first with the sub-order to 
which Petrunkevitch has given the name liphistiomorphts. 
It is important to remember that LiphisHus is not the aaoestrai 
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aranead, bat only the nearest living approach to such a primitive 
spider. It has undoubted specialised features of its own, for 
no primitive creature in any order of the animal kingdom is 
likely to be able to live for geological ages and retain unmodified 
its primaeval form. 

The habits of Liphisiius were not until recently at all well 
known. Two new species, Liphistius batuensis Abraham and 
Liphisiius malayanus Abraham, have, however, lately been 
added to the genus by Mr. H. C. Abraham, and their mode of 
life described. They spin tubular nests, similar to those of the 
more familiar trap-door spiders, the tubes either in burrows in 
the ground or hung upon the walls of caves. The silken tube 
is closed with a trap-door and its mouth is stayed by a number 
of radiating threads. In a photograph of such a web (P.Z.S., 
December 1922, p. 769) its resemblance to the tube made by 
Segestria florentina Ross is obvious. I have already {A.M.N.H., 
9, xiii, 1924, p. 472) dealt more fully with this similarity, and 
have tried to show that it points to a hitherto unrealised 
relationship between Liphistius and the Dysderidae, while at 
the same time the existence of dorsal sclerites of chitin on the 
abdomen of certain Oonopidae, relating this family too to 
Liphistius, brings the three families into direct connection. 

For this view I have received some friendly criticism, 
pointing out that a tubular retreat with a divergent mouth 
supported by radiating threads is a common type of web and 
that too much trust cannot be placed in such evidence. 

I shall deal with the forms of webs in what follows, and I 
still believe that the form of the web is valuable evidence of the 
evolutionary track. I may, in support, refer to the words of 
M. Simon in the Introduction to the Histoire Naturelle des 
Araigndes. Speaking of the advantages which he gained from 
collecting foreign species, he says : “ C’est en voyant les grandes 
toiies en nappe pourvues d’une retraite tubiforme des Hippassa 
et des Podophihalma, que nous avons compris I'^troite parent^ 
des AgeUntdes et des Lycosides qui nous aurait sans doute 
toujours ^chapp€ si nous avions restreint nos recherches k la 
faune de France." It is just as true to say that the relation¬ 
ship would have escaped him had he confined his attention to 
the morphology of the spider and neglected the architecture of 
the web. 

We are now in a position to indicate the beginning of our 
evolutionary scheme. 

The hypothetical arche-aranead had probably eight eyes 
fairly close together, four lungs, three claws to its tarsi, eight 
apinnerettes and twelve abdominal segments. It was a hunts¬ 
man, but lived in a tubular silk nest, most likely without a 
trapdoor. From this beginning, evolution has proceeded on 



478 SCIENCE PROGRESS 

three different routes, in all of which the posterior abdondnal 
s^;nients have been los^ only the anal tuW-cle remaining to 
recall their existence. The first and shortest of these three 
paths ends in the modem Liphistiids and the second belongs to 
the sub-order Mygalomorphas, popularly the Trap-door Spiders. 
ITie third and largest is occupied oy the sub-order Arachnomor- 
phae, of which the familiar Dysderidae and Oonopidse and their 
allies are in the most direct line fi*om the primitive arche-aranead 
and most comparable to the Liphistiidae. These two latter 
branches must be considered in greater detail. 

The Mygalomorphae, which yield themselves the more 
readily to analysis, have been dealt with by Petrunkevitch in 
the paper already mentioned. It is clear that changes in form 
and habits have developed in two different directions. Some 
specialised in digging and the building of nests with trap-doors. 
These acquired the rake or rastellum on the chelicerae and shed 
much of their hair. Others became wanderers, growing a 
thicker coating of protective hair and losing the third or lower 
tarsal claw. 

This last feature is of great importance when discussing the 
sub-order Arachnomorphae, for it gives us a fundamental 
characteristic on which to base our divisions and serves to 
distract our attention from the cribellum. 

Simon, as is well known, divided his Araneae Verae into two 
sections according to the presence or absence of this spinning 
organ. This implies, if our classification is to deserve the 
adjective “ natural,” that these sections represent different 
roads in evolution. 

But so close is the resemblance between many families of 
cribellate and ecribellate genera that such a view caimot be 
seriously maintained. Nor are the resemblances to be ascribed 
to convergence. The cribellum, like the third claw, is an 
ancestral and fundamental possession, and from the original 
cribellated spiders time has produced both new cribellated and, 
the cribellum becoming the colulus, also new ecribellated 
families. And, of course, the latter have produced more 
ecribellated forms. 

It might even be justifiable in some cases to unite both 
cribellate and ecribellate genera in the same family. Tbe 
matter is really of small importance and chiefly one of individual 
opinion. Probably it is more convenient always to separate 
them. 

Adopting thfe point of view, we find three or possibly four > 
lines of evolution among the Arachnomorphae. Since this 
sub-order is of chief interest to British readers, as well as the 
dominant one of spiders throughout the world, I shall tafe? 
it in greater detail. 
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One well-defined group of families is that which, as already 
noted, lies in the most direct line from the ZipAisfitts-like 
ancestor, and includes, of families represented in Britain, the 
Oonopidse, Dysderidae, and Sicariidae. These are the fanlilies 
which, as I tried to show in the paper mentioned above, have 
adopted other methods of combating the dangers and diffi¬ 
culties of life than the construction of a trap-door to the nest. 
Since the rest of the sub-order may be regarded as derived 
from them, an explanation is afforded of the complete absence 
of the trap-door nests therein, although they are conspicuous 
in the other two sub-orders of spiders. 

It will be noticed, too, that these are the families whose 
British species have six eyes—the old tribe Senoculina of John 
Blackwall. There are also common peculiarities about the 
respiratory system. 

The remaining families divide themselves naturally into 
those with three claws and those with two. 

The latter division includes, among British species, the 
families Clubionidae, Drassidae, Sparassidae, Thomisidse, and 
Salticidae. These are practically all huntsmen who spin no 
web, and, as we have already seen, such spiders usually drop 
the inferior tarsal claws. On the tarsi of the spiderlings in the 
cocoon, however, the full complement of three claws is present. 

There is, of course, a considerable difference of mode of life 
within this division. The most primitive families are the 
Drassidae and Clubionida:; indeed the latter includes Corinna, 
which spins the primitive divergent-tube t5T)e of web. 

The Thomisidae or Crab Spiders show the peculiarity of 
laterigrade movements and the Salticidae have developed the 
habit of leaping upon their prey rather than running it down. 

By far the greatest number of living spiders, however, 
possess three claws throughout their lives. The thirteen 
families of British spiders which belong to this division include 
representatives of all the four groups into which it is divisible. 

First, the lowest group is certainly that which includes the 
Amaurobiidae and the .^elenidae. The familiar blue webs of 
the former are undoubtedly the cribellate analogue of the 
primitive divergent-tube. The corresponding web among the 
Agelenidae is found in the genus Coelotes and its allies, while the 
Other genera have hit upon the plan of extending the lower 
edge of the tube mouth into a large sheet, which must of course 
be stayed among the herbage with guy ropes above and below. 
TTiis is the web of Agelma, and the ordinary indoor " cobweb 
of Tegmaria. 

S^ondly we have a group of families, either parallel to the 
above, or perhaps derived from it, who have, like the two- 
dawed division, abandoned the web as a means of catching 
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th«ir imect-food. In Britain these are the Lycoside and 
Pisauridse, the Wolf Spiders, and Oxyopidse. The evidence of 
relationship between the Lycosidae and the Agelenidae has been 
mentioned above, and the facts of morphology do not fail to 
support this view. The Pisauridae, as a matter of fact, are the 
most fundamental family and the Lycosidae a later off-shoot 
from the same stock. Neither Lycosidae nor Agelenidae are, 
actually, closely allied to the Clubionidae and the resemblances 
between them, which Simon mentions, are due only to con¬ 
vergence. 

The third ^oup consists, among British spiders, of the 
families Dictjmidae, Theridiidae, Pholcidae, and Lin^hiidae. It 
is clear that they represent descendants of the Agelenidae ^oup 
who have taken to a more arboreal life, up among the higher 
branches of the shrubs and trees. 

Thus the Dictynidae would represent the arboreal descend¬ 
ants of the Amaurobiidae, two cribellated families which have 
previously been united into one. 

If from the Agelenid web we were to remove the tubular 
part, for which in the more exposed situations there would be 
no protected site, and if we, therefore, install the spider under 
the sheet, the product is a Linyphiid. 

If we remove both tube and sheet and leave only the stays 
which stretched, tangled, above and below it, the product is 
the web of the Theridiidae. The Theridiidae may well have 
been later in origin than the Linyphiidae. The latter have been 
more successful since, especially the sub-family Erigonales 
(Hull), who took the new webs back to the old situations nearer 
the ground. But there is no doubt as to the close relationship 
between the two families. 

The fourth and last group is much the hardest to place 
satisfactorily. It includes the families Mimetidae, Uloboridae 
and Epeirids, and it seems impossible to derive it at all directly 
from either Amaurobiidae or Agelenidae. It is best regarded 
as an early off-shoot from the third group, with whose later 
families its own are closely parallel. There are obvious simi¬ 
larities between the Dictynidae and Uloboridae, two cribellate 
families which both have claims to a genus Mbutina. The 
Mimetidae recall the Theridiidae in several respects, while the 
relation between the Epeiridae and Linyphiidae is so obvious 
that Simon classified them together in one family, Argiopidae. 

Epeiridae, however, spin the characteristic orbicular \veb, 
which is made by no other family. How did this remarkable 
structure originate? It is a pretty problem and as yet un¬ 
solved. Could we arrive at a trustworthy idea of its origin we 
might be better able to judge the relation between .our third 
snd fourth groups of families in the three-clawed division. 



THE IMPORTANCE OF MOSQUITO- 
CONTROL^ 


Bv SIR RONALD ROSS. K.C.B.. K.C.M.G., F.R S. 

XHftQim^in^ChitU InstituU and Hospital for Tropical Diseases, London 

Sir Richard Gregory, Mr. Marshall, Members of the 
British Association, Ladies and Gentlemen, 

I esteem it to be an honour and a privilege that I should 
have been invited to open to-day a scientific institution of 
a somewhat novel scope, that is, one which has been designed, 
not primarily for teaching nor even, primarily, for investigation, 
but directly from a utilitarian motive. During the last five 
years many of us now present must have followed with interest 
the efforts of the founder, Mr. John Frederick Marshall, M.A., 
F.L.S., F.E.S., to deal with what appears to be at first sight— 
if not at the first experience of it—a wholly insignificant 
creature, the local gnat or mosquito. 

Mr. Marshall came to reside in these parts in 1908, and, 
like many who live in the so-called sunny south, soon had his 
attention drawn to those indefatigable tax-collectors of our 
blood itself—^the insects mentioned. Gradually, it seemed to 
him, their requisitions became more and more frequent ; and 
when, during the war and owing to the scarcity of labour, the 
local water-channels tended to be choked up, these mosquitoes 
ended by being quite a serious pest. I remember t^t as 
recently as three years ago, when I was visiting Mr. Marshall 
here, I was at first rather sceptical regarding their alleged 
attacks—until he took me into a sheltered part of his garden, 
where I at once saw several Ochlerotaius detritus flying about 
in broad daylight before my eyes. While I was observing 
these tiny monoplanes with interest, my host remarked that 
three of them were simultaneously engaged in abstracting 
blood from the back of mjr neck 1 Indeed, 1 have seldom had 
i^uch'an experience even in India or West Africa. At that 
time Mr. Marshall was alreat^ commencing his campaign 
u^nst the plague. In 1930 Dr. C. G. Lamb, of Cambridge 
Ihdversity, had put him in communication with Mr. F. W. 

f Beiag the Opeiaiig Address iae the British Mosquito-Omtrol Institute, 
l(diiiid, (unti^ delivered on Monday, August 31. 1935. 
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Edwards, of the British Museum, who predicted that the 
chief Msts concerned were likely to be Ochlerotai$4s detritus 
and Ochlerotatus caspius —which proved to be the case as 
regards the former. Mr. Edwards lectured in Hayling Island 
in April 1921, and next day a committee of local residents was 
formed to organise a scheme of control. They called them¬ 
selves the “ Hayling Mosquito Control,” with Mr. Marshall as 
Honorary Director. Early in the same summer the larvae 
were discovered in stagnant salt-water pools about a mile and 
a half distant from the residential quarter, and these were kept 
oiled at first and abolished, more or less slowly, as soon as 
permission was granted by the landowners and the necessary 
funds were available (Mr. Marshall refused to explain whence 
most of these moneys were derived). It was remarkable how far 
the insects travelled in spite of the fact that they had fine fresh 
tripper food close at hand—I saw some boys with their faces 
covered with bites, and mention the point because it is always 
said, after a successful mosquito-reduction campaign, that there 
had never been any mosquitoes at all in the locality concerned. 

This preliminary work was described and illustrated in 
Health, of November 5, 1921, and in Science Progress, of 
Janua^ 1922 ; and the former publication attracted the 
attention of the Ministry of Health, which deputed Colonel 
S. P. James to visit the spot and to make inquiries ; with 
the results that the Ministry later contributed a grant of i^ioo 
for further work, while Colonel James, whose Indian labours 
in this line are well known, rendered help in many ways out 
of his large experience, and lent the services of Mr. P. G. Shute, 
his assistant at the Ministry, on a number of occasions in 1922-3. 
It is pleasing to record that the Havant Rural District Council 
has also contributed three annual sums of £7$ towards the 
exjpenses of the labour required for surface-drainage. The 
residents of Hayling Island have added about £200 to these 
funds. In 1922 Sir Richard Gregory (Editor of Nature), 
who resides in the Island and has shown neat interest in the 
subject, became Chairman of the General Purposes Committee, 
which consists of Mr. G. M. Fletcher, Dr. A. J. May, Mr. E. V, 
Turner, besides Mr. Marshall—to all of whom warm thanks 
are due for their help. A number of collectors have also 
done useful work, especially Messrs. W. G. Worsfold, D. Wilson, 
and J. Staley ; and Mr. H. J. Eamey, Head Master of Ha^jrlii^ 
Church of England School, has taken much trouble in organising 
and instructing a ” mosquito-control class ” of school-wildren, 
whose youthful eyes have often proved to be more penetrating 
than those of their elders. All the work actually achieved has 
been fully described in a series of four admirable annual 
Reports of the Hayling Mosquito Control published in Joan 
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each year. It has always been a difficult task to measure 
the numbers of mosquitoes in any locality, and Ochleroiaius 
deiriius is peculisirly refractory in this respect because it refuses 
to enter traps and houses. Apparently, therefore, the only 
way to estimate changes in the numbers of these insects has 
been the old method of recording a “ census of opinion ” on 
the subject among local residents. The results have been 
very satisfactory. Out of 125 householders who have been 
here for more than two years and who replied to the question¬ 
naire, us or 92 per cent, stated that the nuisance had “ much 
decreased ” ; 10 or 8 per cent, admitted that it had 
“ decreased " ; while none claimed that the numbers had 
actually increased. This last was a fortunate result for Mr. 
Marshall, for once, in West Africa, when we had cleared a 
house of every mosquito, the householder maintained that we 
had introduced them for the first time 1 Any way, it can be 
safely claimed that a great reduction in the number of the 
insects here has been actually made. More than this, the habits 
of Ochleroiaius detritus and of other local species, as well as the 
insects themselves, and the best means for reducing them, 
have been very carefully studied, figured, and described, and 
a number of breeding places have been permanently abolished, 
while many others have been temporarily treated. 

Towards the end of last year the work was becoming so 
extensive and interesting that Mr. Marshall thought of estab¬ 
lishing a special Institute in connection with it; and we are 
here now to view the result and to commemorate the occasion. 
Again he refuses, most unreasonably, to explain how the 
necessary funds arrived, and we can only suppose that some 
genie out of the Arabian Nights takes an interest in mosquito- 
control—I wish the rest of us could capture similar genii 
equally easily. As you will all be able to see, this new house 
contains a demonstration museum, a laboratory, a drawing 
and record office, a photographic room, and a mechanic^ 
workshop, all on the ground-floor. On the first floor there are 
a committee room and four other rooms, which will be used as 
required, as, for instance, by any research-workers who may 
wish to avail themselves of the opportunities here given. In 
the rardens there are numerous shady and sheltered groves 
ip which the Ochleroiaius formerly abounded and where any 
of you, who desire to do so, may offer yourselves as a sacrifice 
to these voracious insects—if there are still any to be found 
here. 1 should like to call the attention of the numerous 
learned bodies which grant scholarships for scientific research 
to the facilities for it now obtainable here ; and 1 hope that 
the new Institute will shortly be humming like a hive of scientffic 
labourers. 
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VHiatever the future may hold, I am sure you will agree 
with me, that all this work just described has been a very meri¬ 
torious adventure. The benefit of it is by no means confined 
to Hayling Island. Here mosquitoes cause only annoyanu 
to residents and to visitors during the summer ; but in most 
tropical countries they also carry formidable diseases ; and 
in some they are positively the enemies of the human race. 
Now any knowledge gained regarding one variety of mosquito 
tends to help us in gaining knowledge regarding other species ; 
and I have, therefore, no doubt whatever that the British 
Mosquito-Control. Institute is destined to play its part in a 
much wider war than that suggested by its name. As Mr. 
Marshall said at the meeting of the British Association at 
Southampton last Thursday (August 27), the subject of 
“ mosquito-control ” contains three divisions : first, the general 
life-history of mosquitoes ; secondly, the particular life-history 
and classification of each species (of which there are 25 in this 
country, and no less than about 1,400 species already known 
in other parts of the world); and, thirdly, the best methods for 
controlling each local species. The study of mosquitoes has 
already become a voluminous branch of science. When I 
commenced my work on malaria and mosquitoes in India, 
thirty years ago, I could not obtain a single book, nor even a 
single good article, on the mosquitoes of that great country. 
Now there are a number of laborious, but still far from ex¬ 
haustive, textbooks devoted to the study of these insects, 
beginning with the classical book in six volumes by Mr. F. V. 
Theobald (who we all regret cannot be here to-day), on the 
Mosquitoes of the World, written on behalf of the Colonial 
Office and the Royal Society and published from 1900 to 
1911 ; and the more specialised books or papers by Giles, 
James, Howard, Alcock, Lang, Wesenberg-Lund, and others— 
altogether a most admirable contribution to the world’s welfare 
(for which, I may add, none of the authors has received, in my 
opinion, any adequate reward). 

At present, then, we possess much knowledge of the subject. 
But the world alwa3rs requires something more than knowledge, 
and that is the energy to act upon knowledge. We must now 
try, after a quarter of a century of investigations, to make more 
serious efforts against these disease-bearing enemies of mankind. 
The work done in Ismailia, Panama, the Federated Malay States, 
and elsewhere has been only a beginning. Our ultimate aim 
is to control, not only mosquitoes, but all the dangerous, or 
even the unpleasant, pests which affect us and our crops and 
herds everywhere. A far ideal perhaps, but one which is quite 
possibly within easier reach than we now imagine. We never 
know what surprising progeny Science may not bring forth; 
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find he is rash indeed who would prescribe limits to her victories. 
Many observations which appeared quite trivial at first have 
now given us immense new continents of knowledge. When 
Columbus first sighted a small island of the West Indies he 
thought merely that he had found a new route to China—^he 
had really discovered a New World. One often wonders what 
the great philosophers of ancient Greece would think and say 
if they could behold our progress of to-day. They were obliged 
to walk or to ride over their little country : we can now traverse 
it through the air in an hour or two. Their poets and orators 
addressed them only within earshot: we can now listen to 
symphonies performed hundreds or thousands of miles distant, 
and can read the world’s news of yesterday in our newspapers 
every morning. So, also, I have little doubt that the great 
diseases which still oppress us or destroy us by millions will 
some day fall into our power, or, indeed, be entirely banished 
from among us. Even if this be too optimistic a hope, yet we 
shall do well at least to reach towards it. It is ridiculous 
that mankind, who have extended their dominion over the 
earth, the sea, and the air, should continue to be prey of bacilli, 
and should even die of such contemptible things as colds in the 
head and mosquito-bites 1 

But in order to enlarge our dominion over these small, but 
deadly enemies, we must begin by enlarging our ambition. We 
must no longer be content to sit and sneeze with our feet in 
hot water, or to provide Lord Mayors’ banquets to Ochlerotatus, 
or to lie down and die in the presence of a micrococcus one 
ten-thousandth part of an inch in diameter. What mean 
creatures we must be if we are to be conquered by such mean 
things as these! Yet this is almost exactly our position to-day. 
It is true that during the last eighty years the average length of 
human life in this country has been prolonged by about fifty 
pCT cent., chiefly by means of improved medical and sanitary 
science and administration; but we still die of many diseases 
which will probably be conquered some day. Why not 
accelerate the progress of this science by all the means in our 
power ? As I have often pointed out, we in this country are 
now spending only a small sum on medical research, apart from 
education, hospitals, and ancillary services. 1 estimate that 
each Briton is now giving, for medical research, on the average 
as much as one penny a head once a year 1 Think of it—^what 
generosity for matters of life and death, regarding ourselves, 
our children, and the whole nation I To supplement this 
paltry sum, instead of putting our own hands in our own 
pockets, we call upon private philanthropists like Mr. Marshall 
to help us. A single bottle of whisky or a single leg of mutton 
costs tts twelve times twelve times as much as each of us now 
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spends on medical research during a whole year. I always 
maintain that the people of this country would be wise to lay out 
at least one million pounds a year on medical research alone, 
instead of one-fifth of that sum which they give at present. 
Even one million pounds a year would be trivial compared 
with the money which we now spend on alcohol, tobacco, and 
entertainments—^not to mention education, armaments, and 
doles. After all, our health and our lives are, perhaps, the most 
important matters which concern us. 

But, as I have already said, the object of this fine new 
Institute is, primarily, not medical but general—^though I have 
no doubt that it will always keep the sanitary applications 
of mosquito-control always within range of its vision, if only 
upofi its horizon. In all directions, knowledge dovetails in 
with other knowledge. Mosquito-control here will facilitate 
mosquito-control in the most pestiferous regions of the earth ; 
and the day may come—^indeed, I am sure that it will come— 
when all those fertile tracts of the world which are now domin¬ 
ated and ravaged by King Malaria and King Mosquito will be 
laid open to civilisation. But this happy result will only be 
attained by more thought, by more research, and by a firmer 
'determination to make the most of the beautiful world in 
which we live. 

In the past, nearly all scientific discoveries, like the master¬ 
pieces of literature, have been free gifts bestowed by private 
mdividuals upon the whole of humanity, not only of to-day 
but also of the future. Let us then, at least, give our thanks 
to those who endeavour to assist the footsteps of progress 
towards any higher ideal and wider perspective. 

I have great pleasure in declaring the British Mosquito- 
G)ntrol Institute now open ; and should add that it has found 
favour in the eyes of that august body, the Ministry of Healthy 
and is ready to advise anyone whose house is suffering from 
the mosquito-plague and who will write to the Director on the 
subject. I wish the Institute every possible success in the 
future, and venture to suggest as a motto for it the words Peuc 
$t Labor. 
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THE POST-ROMAN HISTORY OF THE 
RHONE DELTA 


Bv R. D. OLDHAM, F.R.S. 

If a map of the delta region of the Rhone Valley is examined, 
it will be seen that, just above the town of Axles, the river 
divides into two branches, the eastern flowing southwards, 
in a nearly direct channel, to the sea, while the western 
flows past St. Gilles, to enter the sea just west of the village 
and shrine of the Saintes Maries. Between these two branches 
of the river lies the region known as the Camargue. Along 
the banks the ground is high, fertile, and dotted with farm¬ 
steads, away from the river bank the level drops to extensive 
salt marshes and lagoons, and in the centre of the region is 
a vast salt lake, the Etang de Vaccarte, cut off from the sea 
by a narrow band of beach and sand-dunes. Seen on a map, 
and especially on a small-scale map, the region, as a whole, 
presents so many of the characters of an immature delta that 
It has been almost universally accepted as such by geologists, 
engineers, and archaeologists, who with one accord supposed 
that there has been a continuous and uninterrupted growth 
of the delta, which was much smaller in size, during the Roman 
domination of the country, than it now is. Yet there have 
always been difficulties in this interpretation of the facts. 

Though the general distribution of the surface levels is 
as has been described, there are places, remote from the river 
channel, where the ground rises well above the highest level 
ever reached by the floods of the river, and there nave been 
interpreted as the remains of successive coastal barriers, formed 
on the face of the advancing delta. In some cases the nature 
of the soil suggests that these elevated tracts are the remains 
of old sand-dunes, but in many others there is no such distinc¬ 
tion from the ordina^ material of which the rest of the ddta 
is composed. There is also the positive evidence of occupation, 
during the Roman period, at places close to the existing shore 
line. At Saintes Maries, for instance, now and for centuries 
i celebrated place of pilgrimage, inscribed stones have been 

i»7 
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dug up, which, accepted by competent scholars as genuine 
rello! of the Roman period, show that the site was not only 
inhabited, but a place of pilgrimage and devotion, in pagan 
times. Farther east, at a place about three kilometres west 
of the Vieux Rhone, and within two of the sea coast, a stone 
was found, in 1883, bearing a Latin inscription indicating that 
it was erected near the course of the Rhone ; the character 
of the lettering has led to its being regarded as of the fifth or 
sixth century, and, for other reasons, it cannot be of much 
later date, but in any case it proves that the spot where it 
was found must have been dry land at the time when it was 
carved and set up. 

These instances would, by themselves, be enough to show 
that the delta was at least as extensive, in Roman times, as 
it now is, but of the detailed geography we know very little. 
The ancient geographers differed in the number of separate 
mouths which they ascribed to the river, some making them 
as many as nine ; but, in a deltaic river, there are always a 
number of channels leading to the sea, the number and position 
of which are continually altering, as some get closed by river 
silt and others open up, and, since these channels vary much in 
size, the number of mouths of such a river depends on what 
the enumerator chooses to class as a mouth. There were, 
however, evidently three main channels to the sea, the western 
one was known as the Spanish, and was the mouth of a channel 
which, quite possibly, flowed down to, or through, what b now 
the Etang de Mauguio ; the easternmost was the largest of 
the three, and known as the MassiUan ; the third lay between 
these two and, according to Pliny, was called Metapine, but 
whether the divarication leading to it took off from the main 
stream, or the western channel, cannot be said. 

Of the position of the two western mouths nothing positive 
b known, but as regards the eastern, or principal, we have 
some fairly definite information. In the early centuries of 
our era there arose, at or near the present village of Fos, a 
seaport known as Fossae Marianae, which rose to great import* 
ance, though there was no country behind it but the barren, 
stony tract of almost desert land known as the Crau ; yet the 
port served an important purpose, as a port of destWtion 
for the sea-going ships which were then, as now, unable to 
enter the Rhone, and of departure for the smaller vesseils, 
capable of crossing the bar and navigating the river, whidi 
was the principal, and almost the sole, trade route into the 
interior of the Gallic region, rapidly increasing in wealth and 
TOpulation. From this port to the Massilian mouth of tht 
Rhone, the distance, according to the maritime itinorary^ 
was 16 Roman miles, and from the mouth was 30 a^es 
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river to the city of Arles. These distances place the mouth 
not far from the present position of the Grau de la Dent, 
just west of the Faraman lighthouse ; as the distances in 
the itinerary are only approximate it is not possible to fix the 
position exactly, but it is, at least, clear that the mouth of the 
main stream lay farther west than the places at which the 
present river enters the sea. 

Of the country inland we have but little detailed information. 
Arles was a city absolutely, and to a greater degree relatively, 
much larger and more important than it now is ; it was the 
most important town in Gaul, and in the time of Constantine 
the Great and his immediate successors possessed an imperial 
palace, which was repeatedly occupied by the Emperor. Just 
above Arles the river, as it still does, divided into two branches, 
and the Camargue, now, with some local and limited exceptions, 
almost uninhabited, with vast stretches of pasture and salt 
marsh over which roam herds of more than half-wild cattle, 
horses, sheep, and goats, and where the sense of solitude is 
described as more impressive than on the ocean itself, was 
described, in Roman times, as the granary and store of the 
Roman Army, a description confirmed by the numerous remains 
of old settlements which are found scattered over it. 

These conditions seemed to have continued even after 
the barbarian invasions had put a term to the Roman empire 
over this country. The entry to the river was still difficult, 
and practicable only for boats of very shallow draft, and the 
port of Fossae continued an important one, trading with the 
most distant shores of the Mediterranean and receiving the 
products of those countries, as well as the spices and drugs 
of the distant Orient. This continued till the year 716, and 
possibly later, for shortly after, in 730, came the Saracen 
invasion, the country was devastated, and the Dark Ages super¬ 
vened, in which little or no record was kept, or if kept has 
perished almost completely. Almost the only geographical 
information which can be gleaned is in a charter of the early 
part of the tenth century, which implies that sea-going vessels 
from Greece and other countries were in the habit of visiting 
the port of Arles. 

With the twelfth century, information again is to be 
gathered. Considering the lapse of time, and the vicissitudes 
which the country has gone through, we can form a remarkably 
good idea of the condition of the eastern half of the delta at 
that time, and the picture developed is notably different from 
that which the records of the Roman period convey, as also it 
is from existing conditions. The earliest account is that of 
Gervase of Tilbury, who wrote, in 1211, his OHa 
which describes the region, of the Rhone delta, as bcmlereo 
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with islands along the sea face, and, in a shrewd characterisa¬ 
tion of the people of Arles, he mentions that they were 
skilled and victorious in naval War. This, as the charter just 
mentioned, shows that sea-going vessels of the class then in 
use could easily reach Arles from the sea, and other records 

S rove that the channel of access was not by the river mouth of 
loman times nor by the existing entrance and channel, but 
by the Etang de Gal^jon, past a low hill called the Roque 
de Dour or, more briefly, la Roque, which appears on the 
portolan maps of the Middle Ages as Odor, and in the Historia 
Major of Matthew Paris as Roka. From the Etang de Gal^jon, 
the channel led, over what has now been converted into land 
by the alluvial deposits of the Rhone, to the village of Passon, 
and thence, along the main stream of the river, to Arles. This 
channel we know, from other sources, to have carried at least 
8 feet depth of water, sufficient to admit the vessels of 100 
to 150 tons burden, on which a large, if not the greater part, of 
the commerce of those days was carried. 

This state of affairs, so different from that which prevailed 
up to about 500 years before, offers a problem which, till quite 
recent times, was insoluble. The later history of the delta, 
since the end of the twelfth century, offers less difficulty, but the 
change which took place during the Dark Ages, and the contrast 
revealed between what we know of the conditions up to the 
end of the seventh century, and that which we find when light 
first dawns in the twelfth, is less easy of understanding. 
Only within the last three years has the real clue been found 
in the geological work of G. Denizot,* on the alluvium of the 
delta of the Rhone. He finds that, besides the modem 
alluvium, which is evidently a recent product of the river 
under conditions similar to those still existing, there is an 
older alluvium which rises to heights, in places, of as much as 
5 metres above sea level, and exposes an undulating surface, 
worn, by rain and weather, from a deposit which must once 
have reached a higher level than the existing surface. This 
alluvium could not have been formed by the river in circum¬ 
stances as they are at present, for it contains banks of cockle 
and other sea-shells, which must have lived, died, and been 
entombed below sea level, but are now found at heights up_ to 
a metre or more above the highest level reached by the existing 
sea. There must, consequently, have been a change of level, 
of the land relative to the sea, since these deposits were laid 
down. This conclusion is confirmed and established by the 
discovery, and the date of this uplift, though geologically very 
lecent, must have been earlier than the time of the anivm 

* C. Deoisot, *'Coatribntioas S I’^de du Quaternaiie de Fraaoe," 
9mU. Soc. Frame, xxiii, I9a4, pp. 384-430. 
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of the Romans in this country, for it b on the gently undulating 
surface, worn out of the old deposits, that remains of Roman 
settlements are found. 

This uplift was not, however, the last change of level, for 
there has been a move in the opposite direction, a subsidence 
of the land or a rise of sea level, which can be dated with 
certainty as later than Roman times. This subsidence of the 
land was first brought into prominence by Dr. R. T. Gunther 
by his studies of the district near Naples, and since then has 
been recognised at a number of other places round the coast 
of the Mediterranean, and everywhere can be dated, as having 
taken place in what are known as the Dark Ages, between the 
end of the Roman period and commencement of the Middle 
Ages. The region near the Rhone is no exception ; M. Denizot 
finds definite proof of a post-Roman subsidence in the neigh¬ 
bourhood of Fos, and, though he cannot find geological evidence 
for a change of more than a part of a metre, this evidence does 
not exclude the possibility of a greater change of level. 

The effect of this subsidence is still visiWe in parts of the 
delta ; the great expanse of salt water in the centre of the 
delta, known as the Btang de Vaccar^s, though it appears 
from its position and form, as seen on a small-scale map, to 
be one of those shallow meres which are common in alluvial 
plains, takes on a very different aspect when examined on the 
spot, or on the itat-major map of the French Government. 
The pools left on an alluvial plain, which is in course of forma¬ 
tion, have low, ill-defined banks, where the almost imperceptible 
slope of the surface gradually dips below the water level, and 
a change in level of the water by a few inches may shift the 
water’s edge by hundreds of yards. The Vaccar^s on the 
contrary has comparatively high banks, scarped in many places 
by the action of the waves, and these banks are formed of that 
older alluvium which was upraised and worn, by denudation, 
into an irregular surface, before it was depressed and sub¬ 
merged below sea level, over the region now occupied by the 
Btang. To the south of the expanse of open water, and 
separating it from the sea, is a stretch of shallow water studded 
with islands, called radeaux or rafts, mostly small, which have 
well-defined outlines, and in some cases rise to a consider¬ 
able height above the water. These have been regarded as 
the remains of an old cordon littoral, or range of sand-dunes, 
and the interpretation seems borne out, in some cases at least, 
by the mineral composition of the CTound ; but the disjointed 
character of the islets, separated by shallow, well-defined 
channels, is eloquent of subsidence, and M. Denizot, describh^ 
the surface features of the ground to the north of the Vaocarte, 
remarks that a subsidence of about a metre would convert 
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tract into a copy of the island-studded waters to the south. 
This remark may be reversed, and we may conclude that in 
Roman times, before the subsidence took place, this coimtry 
was dry land, very like, in character and appearance, the 
high grounds to the north of the Etang de Vaccar^s, as they 
now are. This sunken country, protected from the inundation 
of the river by a barrier of high ground rising above flood level, 
has preserved for us a picture of what was, for a time, the aspect 
of the whole sea face of the delta. 

For a measure of the amount of this subsidence we must 
look elsewhere. As has been mentioned, the river, in Roman 
times, reached the sea face, and the entrance, as now, was 
obstructed by a bar, over which the passage cannot have been 
deeper than at present. When subsidence of the land took 
place, and a large part of the delta went under water, the actual 
river mouth issued into a sheltered inlet, where it was not 
exposed to the stormy seas, which play so large a part in pro¬ 
ducing the bar. For centuries there seems to have been no 
barrier, at the actual mouth of the river proper, to trouble the 
shipping, then in the habit of visiting Arles, but the statutes 
of that city prove that the channel was not without difficulty, 
for they lay down that outward-bound vessels which were 
detained by contrary winds ad staccam vel ad morandum de 
passano must place their boats and crew at the disposal of 
vessels inward bound. The words used are capable of a double 
interpretation and, as they may apply to land or water, may 
mean either the stockade and houses, or the pool and mooring 
place, of Passon ; in either case they prove that there was 
shallow water and difficult navigation near the village of 
Passon. This difficulty cannot have been a bar at the actual 
mouth of the river, for this did not reach Passon till about 
the middle of the fifteenth century, and the statute, though 
the actual date of promulgation is not known, was certainly 
older than 1245, in which year the body of then existing statutes 
was collected. The real character of the obstruction may be 
inferred when it is remembered that this channel did not 
exist in Roman times, and could only have been opened 
up by submergence of what was then dry land, the shallows 
of Passon representing the position of the col or highest grotmd 
along the course of the channel. A portolan, or book of sailing 
directions, evidently written in the early part of the fifteenth 
century though not printed till 1490, gives a description of 
this channel, and states that near Passon there is a depth of 
one and a half to two passa at most, and as the Venetian pas$a 
was about 5 feet 8{ inches, the depth may be put at 8 to 10 
feet of our measurement, and hence the submergence must 
have been at least 10 feet, for it must have been equal to the 
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original height of the land added to the original depth of 
water. As the land was almost certainly more than two feet 
above the sea level, and the water, in the absence of a strong 
current, would be continually shoaling, this figure, of lo feet, 
is evidently a minimum estimate. The maximum can be 
obtained in another way. 

The city of Arles, controlling the administration of the 
eastern part of the delta and the navigation of the Rhone 
to the sea, was in the habit of maintaining an armed and 
fortified post at some point down the river, for the double 
purpose of protecting its revenues, and of excluding raiders 
or other undesirable visitors. These purposes indicated a 
situation as remote as possible from the city, yet not so far 
off that any vessels could enter the main stream by an alter¬ 
native channel, without passing the post. The changing 
conditions of the river made it necessary to alter the site from 
time to time, and we have a complete record of the successive 
moves, farther and farther down-stream, from the year 1469 
onwards, but for earlier times the record is less complete, 
though there are indications that a similar post was maintained. 
The earliest of these is in connection with an excursion of a fleet 
of Genoese galleys in 1165, when it is recorded that they were 
met trope Molendinos by the consuls of Arles, who demanded 
whether they had come in friendship or enmity. The exact 
position of these windmills cannot be determined, but other 
records of the same period make it probable that they were 
on the western bank of the river a little below the hamlet of 
Montlong, a very suitable position for a post of observation and 
defence, as it lay just above the place where a channel branched 
off. This side channel is now silted up, but it was open and 
navigable in the twelfth century. At some later period, after 
this channel had ceased to be navigable, the post was moved 
down-stream to near Manusclat, a little above Passon, where it 
could control the traffic using not only the principal channel, but 
also the others which were open to navigation, though less used. 
The date at which this move was made is not known, but it is 
known that in 1469 the city decided to replace this post, which 
had ceased to be useful, by another, the Tour de Belvar or 
Bolovard, farther down-stream, at a point where it could control 
the traffic from the three separate entrances, which were then 
usable. This site lies at a distance of about four kilometres 
down-stream from Passon, and was, therefore, unable to control 
any traffic along the old channel which had been the principal 
one in the twelfth century. The obvious, and in fact the only, 
explanation of this chai^ is that by 1469 the river propw, 
in the sense of a fresh-water stream flowing in a channel of its 
own formation, having reached Passon, flowed straight onwards^ 
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and blocked with silt the channel along which ships used to 
reach Arles. The later changes in the course of the Rhone 
from the sixteenth century to the present day are well known, 
have been repeatedly described, and do not particularly concern 
the matter under discussion. The earlier changes which are, 
unfortunately, less precisely known indicate that the post- 
Roman subsidence brought the sea level to the neighbourhood 
of, and perhaps actually to, the city of Arles. 

The usual flood-water slope of a river in an alluvial delta 
of its own formation—and it is the flood-water slope which 
decides the general slope of the land surface of the delta— 
is about I in 10,000, sometimes gentler, usually a little 
steeper, but not varying much from this figure, equivalent to 
about 6 inches in a mile. The Rhone is no exception to thb 
rule, and the ordinary high-water level at Arles is about 
6 metres above the sea, which is distant some 50 kilometres, 
measured along the channel, and about 45 in a straight line, 
but the flood level at Arles is raised by the embankments which 
confine the river, on either side, all the way above Beaucaire 
to the sea ; if uncontrolled the level would be less, and probably 
not much, if at all, above 5 metres. As the sea face in Roman 
times was near its present line, the flood level of the river and 
of its alluvial plain near Arles would be about the same height 
above the sea as now, and so we get 15 feet as a possible 
maximum measure of the subsidence, for which a minimum of 
12 feet has already been indicated. 

The western branch of the river was affected by the sub¬ 
sidence equally with the eastern, and with equally remarkable 
results. A broad and shallow channel opened up from the 
Etang de Mauguio to beyond St. Gilles, and that town became 
a seaport, possibly only for vessels of smaller size than those 
which could reach Arles, but still of sea-going size and dra.ight. 
The career of St. Gilles, as a seaport, closed with the twelfth 
centu^, by blockage of the entry, and the extension of the 
deposits of the Vistre and Vidourle to Aigues Mortes, where 
St. !IU>uis established a new port in the thirteenth century. 
The impress of this old approach, from the sea to what is now 
the interior of the delta, is to be seen on the sea charts of the 
Middle Ages, the so-called Portolan maps, and not till the 
seventeenth century did it cease to figure on maps of this 
region,* but the most interesting point connected with this 
western approach is the fact that we can date the period of the 
subsidence. 

At the eastern end of the present Etang de Mauguio, but 
now separated from its waters by about 3 miles of low, largely 

I R. Z>. Oldham, The Fortran Mapa of the RhOne Delta," G0<>g, /owm. 
pet, X9*S, PF. 40S-4a4« 
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marshy, alluvial deposits, a farmstead called Mas Deports is 
marked on the French Government map. This is all that 
remains of a place which, in the ninth century, was a seaport, 
composed of two parishes, and of sufficient consideration to 
serve as the place of assembly of provincial synods, held in 
887 and again in 897. If this place was a seaport, as its 
name and history imply, it must have dated from after the 
close of the subsidence, and so we can fix this last-named 
date as long enough before the year 887 to have enabled the 
place to become recognised as a port of destination. 

The main geological interest of this change of level lies in 
the fact that it can be dated as not having commenced in the 
year 716 and having been completed by the year 887. Probably 
It was confined within even narrower limits, but can hardly 
have been abrupt and catacl)rsmic, for a catacljrsm of such 
extent and magnitude could hardly have occurred without 
leaving its impress on traditional, if not on contemporaneously 
written, history. The record, then, is of a long period, covering 
the whole of the Roman dominion and up to the eighth century, 
during which there seems to have been no appreciable change 
of level; next a period of at most a couple, and probably a 
single, century in which there was a gradual, but according to 
ordinary notions rapid, subsidence of 12 to 15 feet; and then 
another thousand years and more, during which there has 
been no appreciable change. Nor does the interest cease here, 
for the subsidence was, apparently, not confined to the delta 
of the Rhone; all along the coasts of the western Mediterranean, 
in Italy and on the African coast of Tunis, are repeated evidences 
of recent subsidence, and almost ever3nvhere it can be dated as 
having occurred within the limits of, at the outside, the eighth 
and twelfth centuries. It is by no means improbable that it 
was ever3rwhere contemporaneous with that of the region 
which has been dealt with here, and in general appears to have 
been about the same in amount. So widespread and uniform 
a change of relative level of land and sea opens out large and 
interesting fields of speculation as to the cause, but they still 
need a lar^e amount of work before they can be reclaimed from 
that primitive condition, to yield a harvest of positive con¬ 
clusion. 
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fMMnal R«ooII«ottoiu (Sir A. E. Shiptoy, 03J!., F.B.S.) 

(i) John Young Buchanan 

The late J. Y. Buchanan, F.R.S., was born in Scotland, 
8 i years ago. He was son of John Buchanan, of Dowanhill, 
Scotland, and was educated at the High School in Glasgow, 
and at the University of that city. Latterly, he pursued his 
studies at Marburg, Leipzig, and Bonn, and at the ficole de 
Medicine, Paris, and thus it was that he acquired his remarkable 
facility for speaking foreign tongues. 

He was essentially a Chemist, but a Chemist with a very 
wide outlook, and much of his work was mineralogical and 
physical. He was fortunately a member, as Chemist and 
Physicist, of the Staff of H.M.S. Challenger, which circum¬ 
navigated the world in the early seventies. What appeared 
at one time to be the most remarkable result of the best-equipped 
expedition that has ever explored the depths of the ocean, 
was the discovery of a glairy, viscid amorphous substance, 
very like the Myxomycetes, which cover large areas in the 
damp places of our woods. This substance seemed to have 
been spread all over the ocean bottom. This was for a time 
regarded as the primitive living substance, the origin of higher 
life, and Huxley christened it Bathybius, and took a keen interest 
in it, which, however, collapsed when Buchanan showed that 
the substance was really an amorphous form of sulphur, 
precipitated by the addition of sea-water to the alcohol in 
which the marine organisms were preserved. Huxley acknow¬ 
ledged that a mistake had been made and never referred to the 
Bubl^ again. 

Buchanan wrote part of the two Narrative Volumes and the 
section on the Specific Gravity of Sea Water, published in the 
Seumtific Results of the Voyage of H.M.S. " Challenger," and, 
had he cared to, no doubt he might have taken an active share in 
editing the volumes after the death of Sir Wyville Thompson. 
But he was blessed with wealth and he preferred devotil^ 
himself to his researches, and indeed, in some respects, his 
wealth hindered the publication of muim of the work which he 
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had brought to fruition. He, not infrequently, achieved 
stage where he himself was satisfied, but he did not always take 
the trouble to write his results out for presentation to the rest 
of the world. If everything he investigated had been published 
it would have shown an amazing range of scientific curiosity, 
satisfied but not made known. 

Amongst other problems he was very keenly interested 
in the melting of ice and the formation of glaciers, and he 
used to spend part of each winter in Switzerland investigating 
these processes. 

He was a brilliant conversationalist, original in his views, 
and full of quaint phrases and humorous recollections. From 
1889 till 1893 he was Lecturer in Geography at the University 
of Cambridge, and when he resigned he continued to reside 
at Christ’s College for many years. When he left, to live in 
London, the Combination Room of Christ’s College lost one 
of its most brilliant members. 

Buchanan was extremely generous and constantly presented 
costly books and other objects of value to the College, and he 
was always ready to help a deserving but impoverished student. 
A tall man, his fine presence and handsome face have been 
immortalised in a portrait, now hanging in the Master’s Lodge, 
by Tinayre, a brother of the well-known French novelist, 
Marcelle Tinayre. It was, unfortunately, taken after a certain 
melancholy had settled on his soul, and that melancholy, 
if an3rthing, has been over-emphasised by the artist. 

Buchanan was an intensely patriotic Briton, and a very 
strong Tory. His mother was an equally strong Liberal, and 
being a very vigorous and commanding old lady she used 
from time to time to irritate Buchanan by inviting Home 
Rulers, such as Parnell, to her handsome house in Edinburgh. 
One of her other sons was M.P. for that City and Under-Secretary 
of State for India, under a Liberal Government. 

J. Y., as his friends called him, had all a sailor’s dislike for 
" gear,” and his rooms were comfortably but very sparely 
furnished. He did not like to have too many things about 
him, and in the long run he ^ave up his comfortable house in 
Park Lane and took refuge in a small suite in a West End 
hotel, reducing his worldly possession to what could be held in a 
couple of trunks. 

Buchanan had many acquaintances amongst the high-bom 
on the Continent. He was a close personal friend of the Prince 
of Monaco and of the Grand Duke Carl Theodor, the father 
of the Queen of the Belgians. He used to visit the ex-Kaiser 
during the Kiel Week, and he was absolutely convinced that 
war was close at hand. When it broke out he was already an 
elderly man, and his feelings were such that he crossed the 
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Atlantic and spent the first winter of the war period in Cuba, 
and the next three winters in Boston, Massachusetts. 

To those who knew him well, Buchanan was a close friend. 
He was jealous of his reputation as a man of science, and towards 
the end of his life he collected his published works under the 
titles of Accounts Rendered and Comptes Rendus. He had 
numerous friends and many acquaintances, but, like many a 
Scot, it was his friends who knew him intimately that really 
appreciated his great qualities of heart and brain, for he was, 
in a way, a reserved man and never wore his heart on his 
sleeve. 

(2) John Newport Langley 

I first remember Langley over forty years ago. Under 
Michael Foster, he, Sheridan Lee, and Gaskell were the leading 
teachers in the School of Physiology in the early eighties. 
At that time Langley was lecturing to the advanced class, and 
his lectures were extraordinarily good, clear, and stimulating. 
It was a misfortune that on Michael Foster’s death Langley 
carried on the tradition that the Professor should lecture to 
the elementary students, for as a lecturer his gift did not lie 
in the direction of interesting beginners in a subject. Either 
he expected them to know too much or his courses were not 
adapted to a large audience, but for some reason or other 
his elementary lectures had not the same success as those 
to which I and my contemporaries listened. 

There was something very neat and dapper about Langley. 
His clear-cut face with his striking eyes helped to make up an 
impressing figure. He was a man you could not overlook in 
any assembly. He was always singularly young for his age, 
and to the very end (he was well over seventy) he used to 
biwcle from his home to the Laboratories. Perhaps his 
bodily activity kept him young, for he was a first-class tennis- 
player and used to be President of the Trinity College Lawn 
Tennis Club. He was'also a brilliant skater and President 
of the University Skating Club. Latterly he spent much 
time in his garden, and used to be singularly successful especially 
with his tulips. Both at work and at play he was very strenuous. 
Alter he took over the Journal of Physiolopi, from Foster, he 
spent many hours a week in editing it and frequently he would 
Mwrite whole pages of contributed MSS., and in every case 
it was recognised that he had effected great improvements and 
uaually a marked degree of concentration. He was a good 
basiness man, and at a time after the War, when other Labora¬ 
tories were losing money, he, with the help of Dr. Shore, managed 
to save annually a considerable sum, which he hoped ultimately 
to contribute to the cost of the Lecture Room, which was part 
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of the original plan for the new Physiological building, but w|d(^ 
has never yet been erected. ■ 

Very methodical and very tidy, he was an extremely pains* 
taking and skilful dissector, an expert in an art which seems 
rapidly to be disappearing. 

Langley had a certain reserve about him, but he was alleys 
willing and anxious to help. He would gladly lend an instru¬ 
ment or a book to any researcher, but he liked to know the 
date on which he was to receive it back, and if there was a 
failure in returning it he, quite properly, resented it. 

For many years Langley was Chairman of the Board of 
Biology and Geology, and he took endless pains in the conduct 
of the business of that Body, which is ever increasing in magni¬ 
tude and complexity. For a time he served on the Council 
of the Senate, and it was at his suggestion that the Minutes of 
that Body were printed and circulated, a proposal which was 
carried in spite of some vigorous opposition on the part of the 
more old-fashioned Dons. He lived to see the School over which 
he presided for the last twenty-two years increase and flourish. 
Under him the new buildings of Physiology were erected, and 
he spared himself no pains in superintending the plans and 
devising the fittings. His death after a very short illness was a 
severe blow to the many friends he had, not only in his College 
and throughout the University but to the scientific world at large. 

Physiology, Pattudogy, and Epidemiology 

At the meeting of the British Medical Association at Bath, 
in 1925, Dr. J. C. G. Ledingham, F.R.S., Professor of Bacterio¬ 
logy, London University, read a defence of pathology agamst 
recent criticisms of its achievements contained in the last 
Annual Report of the Medical Research Council, which seems 
to consist mainly of physiologists who naturally vaunt 
merits of their own branch of science. Physiology and patho¬ 
logy at present divide most of the well-paid professorships 
in this country and receive most of the academical honours; 
and one can, therefore, watch their emulation without distress. 
Bacteriology, which is a large part of pathology, was creal^ 
chiefly by the French and Germans in the latter part of fast 
century, and seems now to be approaching something Uke 
exhaustion. It has not yet discovered with certainty eisen 
the causes of the principal z}^otic diseases {e.g. the cause,^ 
smallpox, which is contained in a speck of vaccine), much less 
methods for their prevention and cure; and the whole populate 
of Britain still goes through the winter sneezing with " coldi**' 
which are sSid to be produced by some scores of ” genni,^f 
whose investigations seem to be more effectual than thole 
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our doctors. As regards physiology, Dr. Ledingham remarks, 
“ the main achievement claimed for physiology in these Hast] 
five years is' insulin, which, though it came from Canada, is 
regarded as the practical outcome of continuous research on 
diabetes, stretching back forty years.” Frankly, even this 
success appears to have been made by a “ mere doctor ” in 
Canada (Science Progress, April 1924), long after the gods of 
the physiological Olympus had commenced working at the 
subject but had given it up before reaching practical results— 
a common story. These same savants, however, still continue 
to blow great trumpets of triumph over their victory. We 
confess that we incline to the pathologists ; but the fact is, that 
the supreme triumphs of medicine during the present century 
have been due not to these, but to quite another set of men, 
also ” mere doctors,” who have shown that many of the great 
diseases of men and animals in the fairest regions of the earth 
are carried by “ insects.” These discoveries are not temporary 
and incomplete advances, each leading laboriously to the next, 
but definitive conquests of nature which will serve mankind 
as long as civilisation may endure. Yet the men who made them 
(chiefly British) are scarcely known to the Boeotian nation 
to which they belong, which gives them no gratitude for their 
work and which scarcely has the sense to utilise their discoveries 
for its own advantage. 


Intomiation-Bareanx Conleranoe 

The idea of providing an opportunity for intercourse between 
those engaged in assembling and distributing information in 
the fields of science, industry, and public affairs, has met 
vnth success under the auspices of the Association of Special 
Libraries and Information Bureaux. Sir Arthur Steel-Maitland, 
Bt., Minister of Labour, opened a conference at Balliol College, 
Oxford, which lasted from September 25 to 28, and was attended 
by over 200 delegates of organisations ranging from the 
scientific societies and large libraries, to research institutes, 
and smaller associations of experts. The attendance included 
M, Otlet of the Institut International de Bibliographie, Brussels, 
and other visitors from Germany, Holland, and the Unitea 
States, and the international aspect of the subject was further 
emphasised by a valuable address from Prof. Gilbert Murray, 
on the work of the Committee of Intellectual Co-operation of 
the League of Nations. 

Dr. Chalmers Mitchell, F.R.S., spoke of the ” World List 
of Scientific Periodicals,” which has just been published with 
the help of the British Museum authorities, and which discloses 
the existence of some 25,000 separate journals, and for the 
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first time fi^ves a picture of a situation which is truly starring. 
Organisation, co-operation, and the initiation of methods of 
exchange are obviously desirable to keep the community m 
touch with world sources of information of such gigantic 
dimensions. The problems of translation and collective 
abstracting were dealt with in papers by several of the leading 
authorities in the engineering and chemical sciences. 

An attempt was made to give the conference some insight 
into the library methods of the daily and technical press, as 
it is obvious that those who are engaged in writing matter for 
more private distribution and service should find interest in 
the methods employed in the field of journalism. Of outstand¬ 
ing merit was a series of papers read by leading representatives 
of the library service departments of the three main political 
groups. The illustrations given of their organisation show 
that a high standard of intelligence service is aimed at, goit^ 
far beyond any narrow party need of the moment. The 
information sections of such Government departments as the 
Board of Education, Ministry of Health, and Imperial Institute, 
were described, and certainly widened the knowledge of most 
of those present as to sources available in this direction. 
Mention was made of the encouragement given by Sir A. 
Steel-Maitland, when in charge of the Department of Overseas 
Trade, to improving the availability of commercial intelligence. 

Sir Horace Plunkett described the Co-operative Reference 
Library, which it is hoped to transfer from Dublin to London, 
and which should prove of value in the attempt to develop 
our agricultural life. 

Methods of filing and classifying library matter and corre¬ 
spondence were dealt with by Mr. R. Borlase Matthews, Mr. 
L. S. Jast (Chief Librarian of the Manchester Public Libraries), 
and others. 

The field of general library administration is fully covered 
by the chartered “ Library Association,” but the friendly 
relations between this older body and the present gathering 
were demonstrated, and an attempt is to be made to explore 
the possibility of closer relations. This brief review cannot 
do justice to the public discourses, which numbered over thirty, 
nor do more than mention the even greater wealth of opportunity 
afforded by the intercourse of such a large number of specialists 
engaged in diverse callings. The most important future work 
of A.S.L.I.B. lies in the production of a Director of Special 
Libraries and Information Bureaux containing brief annotated 
particulars of their scope and objects. 

Particulars of the Association's work can be obtained from 
the Organising Secretary, Mr. G. W. Keeling, 38 Blooxnsbuiy 
Square, London, W.C.i. 
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The President and Council of the Royal Society have, with 
the approval of H.M. the King, awarded a Royal Medal to 
Prof, W. H. Perkin, for his work on the constitution of the 
alkaloids ; and to Prof, A, C, Seward for his researches on 
the palaeobotany of Gondwanaland, The following awards 
have been made by the President and Council of the Society :— 
The Copley Medal to Prof, A. Einstein, for his work in connection 
with the relativity theory and the theory of quanta ; the 
Davy Medal to Sir James Irvine, for his work on the constitu¬ 
tion of the sugars ; the Sylvester Medal to Prof, A, N. 
Whitehead, for his researches on the foundations of mathe¬ 
matics ; the Hughes Medal to Mr, F, E. Smith, for his work in 
electricity. 


Sir Ernest Rut^ierford has been elected to succeed Sir 
Charles Sherrington as President of the Royal Society. 

The Nobel Prize for Physics for the year 1925 has been 
awarded to Prof. Siegbahn of Upsala. 

The Chevreul medal of the French Society of Chemical 
Industry has been awarded to Prof. Henry E. Armstrong. 
Sir Robert Hadfield has been elected an honorary member of 
the Society. 

Sir Alfred Ewing has been elected President of the Royal 
Society of Edinburgh, and Dr. F. W. Aston President of the 
Rdntgen Society, both for the session 1925-6. 

Dr. George Christopher Clayton, C.B.E., M.P., and Prof. 
Henry Cort Harold Carpenter, F.R.S., have been appointed 
by Order of Council to be members of the Advisory Council to 
the Committee of the Privy Council for Scientific and 
Industrial Research. 

A Telford gold medal of the Institution of Civil Engineers 
has been given to Dr.- Andrew Robertson of Bristol, and 
another, toother with the Indian Premium, to Mr. S. A. S. 
Bunting of Bombay. 

The Salter’s Institute of Industrial Chemistry has awarded 
Fellowships for the year 1925-6 to Dr. R. Campbell, Armstrong 
College, Newcastle-on-Tyne, and University of Oxford, and to 
Mr. R. O. Gibson, University College, London. The Institute 
has also renewed four other Fellowships and has given seventy 
grants-in-aid to young chemists emjjloyed in works near 
London to assist them to continue their studies. 

We have noted with great regret the names of the following 
workers in science in the obituary lists published during the 

r t quarters; Dr. Friedrich Auerbach, chemist; Prof. E. 
Barton, physicist; Prof. O. Brefeld, mycologist; Mr. F. j. 
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Brodie, meteorol^st; Mr. J. Y. Buchanan, F.R.S., of 
CkalUnger Expedition fame ; Dr. J. M. Clarke, American 
paleontologist; Mr. W. £. Cutler, field palaeontologist; Sir 
Francis Darwin, botanist; Mr. J. S. Gamble, F.R.S., lately 
Conservator of Forests, India ; Prof. Andrew Gray, physicist; 
Prof. H. H. Hildebrandsson of Upsala, meteorologist ; Prof. 
F. R. Japp, chemist ; Prof. F. Klein, For. Mem. R.S., 
mathematician ; Prof. H. Maxwell-Lefroy, entomologist; 
Prof. O. Lummer, physicist; Capt. H. Riall Sankey, engineer ; 
Dr. G. A. Schweinfurth, geographer and ethnologist ; Sir W. 
Shlich, formerly Inspector-C^neral of Forests for India ; Dr. 
C. F. Sonntag, prosector to the Zoological Society, London ; 
Prof. Charles V 61 ain, geographer. 

At a meeting of the General Committee of the British 
Association held at Southampton on August 28, it was decided 
to accept an invitation to hold the meeting in 1927 at Leeds. 

On Monday, August 31 last, Sir Ronald Ross opened the 
new British Mosquito-Control Institute which has been founded 
and equipped by Mr. J. F. Marshall in his own grounds at 
Hayling Island. The Institute will serve as a centre for 
mosquito study in this country, and owes its inception to the 
vast number of salt-water mosquitoes which used to infest 
the island. Happily this plague has now almost disappeared 
as a result of preventive work, which consisted mainly in the 
drainage of the inter-tidal areas round the island. 

The fifth annual report of the Forestry Commissioners for 
the year ending September 30, 1924, states that in the period 
1919-24, 39,469 acres have been planted by the Commission, 
which has, in addition, aided the preparation or planting of 
another 42,082 acres. On April i, 1924, the Crown Woods of 
a total area of 120,648 acres were handed over to the care of the 
Commissioners, and they have also acquired an additional 
141,470 acres of plantable land, the largest area, extending to 
about 20,000 acres, being near Thetford in Norfolk. Operations 
on this scale demand extensive nurseries to maintain the supply 
of young trees ; no less than twenty-two million were required 
for the 10,000 acres planted in 1924. 

Amundsen is planning another polar flight for the summer 
of 1926, and has purchased a semi-rigid airship of 670,000 
cubic feet capacity for that purpose from the Itmian Govwn- 
ment. The airship, which has already several successful long-¬ 
distance flights to its credit, is equipped with three en^nes 
giving a total of 750 horse-power, sufficient to give a cruis^ 
speed of about forty-five miles pw hour. Its cruising radius 
is 3,725 miles, which, given good conditions, should be auEmln 
for the' cross-polar voyam of 2,235 miles. It is intended 
the airship shall be overaauled at Pulham early in 1926,. alU^ 
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which it will travel to its starting-point, King's Bay, Spits¬ 
bergen, where a mooring mast is in course of erection. A 
crew of sixteen will be carried, including Signor Nobile, the 
constructor of the ship, who will act as navigating officer. 

Prof. Miethe has made further experiments on the trans¬ 
mutation of mercui^ into gold by the electric discharge; he 
has obtained sufficient material in this way to enable Dr. 
Hdnigschmidt to determine its atomic weight. This deter¬ 
mination has given precisely the same result as is obtained 
with the ordinary metal, i.e. 197*26. Prof. Miethe has effected 
the transformation in a mercury-vapour lamp working at 
atmospheric pressure, and also by a discharge between two 
mercury electrodes embedded in paraffin wax. Meanwhile, 
Dr. Aston, working with an improved mass spectrograph, 
has obtained some preliminary data regarding the isotopes 
of mercury. He finds that the mass numbers of the principal 
isotopes are 198, 199, 200, 201,202, 204, their relative intensities 
indicating an atomic weight in agreement with that obtained 
by chemical methods (200*6). These measurements make the 
nature of the mercury-gold transformation somewhat obscure 
since, when combined with Dr. Honigschmidt’s determination 
of the atomic weight, they show that the process cannot be 
one of a simple addition of an electron to the mercury nucleus. 
It is rather remarkable that the transmutation process should 
produce the isotopes in precisely the same proportion as they 
occur in ordinary gold, and the results obtained must be accepted 
only with reserve. 

Dr. W. W. Coblentz has given an account in Nature (Sep¬ 
tember 19 and 26, 1925) of a number of recent observations 
of stellar and planetary temperatures. Various parts of the 
infra-red spectrum of these bodies are isolated by suitable 
screens and the energy measured by thermocouples. In this way 
the distribution of energy in the spectrum can be determined, 
and hence, assuming black body conditions, the temperature 
of the source. From data obtained by Coblentz at the Lowell 
Observatory, Menzel has calculated the following temperatures : 
moon, I3S®C.; Venus,6o®C.; Mars, —3o®C.; Jupiter, —i3S®C.; 
Saturn, —iso^C.; and Uranus lower than iSs^C. These are 
apparently the mean temperatures over the whole of the 
pl^etary discs, and all observations indicate that the equatorial 
temperature of Mars, at perihelion, is considerably above 
o*C., and probably between 15® C. and 20® C. In certain of 
these cases the temperature is greater than could be main¬ 
tained by solar radiation alone, thus indicating that the interiors 
of the planets concerned are still relatively hot. Thus, for 
liars, aoout 30 per cent, of the radiation would appear to jbe 
phmetary origin; for the moon no less than 80 per cent* 

33 
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would appear to arise from interior heat sources and for Saturn, 
the temperature is •somewhat greater than would be given 
solar radiation. Observations on the stars show that their 
effective temperatures vary from 2,500"-3,500“ K. for the red 
stars up to 14,010“ K., or greater for the blue ones. It should 
be noted, however, that such figures give no indication of the 
temperatures existing in the interior of the stars. 

It would appear that the long sought cause of the sensitivity 
of photographic plates has at last been discovered by Dr. 
Sheppard, who left London some years ago in order to work 
in the research department of the Kodak Co., Rochester, 
New York. Preliminary work by many investigators and 
notably by Dr. Toy of the British Photographic Research 
Association, had shown that, in all probability, there exists in 
the grains of the silver halide in the photographic emulsion 
minute nuclei of some foreigfn substance whose condition is 
changed by light in such a way as to enable them to become 
centres of development. Dr. Sheppard has now shown that 
these nuclei are specks of silver sulphide formed from the 
allyl isothiocyanate or allyl mustard-oil which is present 
in minute quantities in the materials used in the manufacture 
of the emulsion and which reacts with the silver halide grains 
to form the sulphide during the manufacturing processes. 
Further details and references relating to this work will be 
found in Nature (August 22). 

Technical Paper No. 12 of the Fuel Research Board ^H.M. 
Stationery Office, is. net.) deals with temperature conditions 
requisite for comfort in rooms. These conditions have been 
investigated by Mrs. Margaret Fishenden and Mr. R. E. 
Willgrass, whose experiments show that the most satisfactory 
temperature depends a good deal on the surrounding conditions. 
With no source of radiation 65“ F. for air and aw/fc was found 
to be most comfortable, but warmer walls {e.g. 67“ F.) required 
a lower air temperature (6i“F.) and vice versa. Witn air 
heating the requisite temperature depends on the draught beiM 
69“ F. for a wind blowing at 2 feet per second and 76-5“ R 
for a velocity of 8 feet per second. It was observed, however, 
that velocities in excess 6f 4 feet per second formed a distraction 
from mental work. No conditions of air heating in a sunless 
room were found to be really satisfactory for sedentary workers, 
radiation heating being far superior. In this case 55“ F. was 
found to be the best air temperature with radiation at the rate 
of 75 B. Th. U. per square foot per hour. With an air tem¬ 
perature below 45° F. it was observed that a fire always pro¬ 
duces the sensation of excessive heat on the side of the body 
exposed to it and of chilliness on the other side. Thus hi 
climates in whidi the temperature remains very low for long 
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periods open fires must be supplemented by air heating. The 
paper also discusses the relative costs of the different methods 
of neatingi but questions of convenience and of costs other than 
that of fuel make this a very difficult question. Even the 
final conclusion that, in all cases, cost will depend on the heat 
insulation of the room (e.g. presence of double walls and 
windows), while impeccable from the view-point of thermal 
efficiency, becomes less certain when the reference is extended 
to include such questions as the effect of fresh air on human 
efficiency and doctors’ fees. 

A Concise Guide to Map Projections, by C. V. Gordon, B.A., 
and Frederic Evans, B.A. (Heffer, Cambridge, price is. 6d. 
net.) contains a useful summary of the various graticules used 
in the projection of the curved surface of the earth on to a 

E lane map. The information given is classified under the 
eadings: Appearance of Graticule, Name, Construction, 
Characteristics, Usage. No explanations are added, as the 
book is intended to be read with one of the standard works on 
maps. 

Among the recent publications of the Bureau of Standards, 
Washington, is a critical review of the published data con¬ 
cerning the Relation between the Heating Value of Gas and its 
Usefulness to the Consumer, by E. R. Weaver (Technologic 
Paper No. 290). After a most exhaustive discussion extending 
over 100 pages of print it is concluded that the usefulness to 
a consumer of a given volume of gas is directly proportional to 
its heating value, or, in other words, the volume of gas consumed 
by a community under reasonably constant conditions is 
inversely proportional to the heating value. The investigation 
thus provides a complete and independent justification for the 
introduction of the therm in this country as the basis for pay¬ 
ment. It also carries the corollary that the best heating value 
for the gas (».e. therms per c. ft.) is that which the company can 
deliver at the lowest cost, per therm, with the important proviso 
that it should be the duty of the company to adjust the gas 
appliances used by its consumers so that the gas supplied may 
burnt to best advantage. 

Among other papers issued by the Bureau were the fol¬ 
lowing : Spark Photography and its Applications to some Problems 
tM BaUisttcs, by Philip P. Quayle (Scientific Paper No. 508), 
containing an account of a comparatively simple method of 
photography and a large number of interesting photographs 
of the discharge of a revolver, etc. A Flow Calorimeter for the 
Heats of Cases (Scientific Paper 503), riving a full account 
ci an apparatus designed to measure the specific heat of 
iQstponia vapour at pressures below too atmospheres and 
temperatures bdopi 150” C., but suitable for other gases and 
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vapours within this range. Theory m%d InierpreiaHon of 
Experiments on the Transmission of Sound Through ParHHm 
Walls, by Edgar Buckingham (Scientific Paper No. 506) dealing 
with the theory underlyii^ a method for measuring the acoustic 
transmittance of panels by means of observations in two 
closed rooms which are in acoustic communication only through 
the panel which is set up as a part of the partition wall between 
the rooms. 

The August-September number of the American journal 
Popular Astronomy (published by the Goodsell Observatory 
of Carleton College, Minnesota) contains a good account of the 
new Zeiss Planetarium, first constructed at the request of the 
Deutsche Museum, Munich. This apparatus is an orrery 
on a large scale, since the apparent motions of the planets and 
stars are projected optically on a vast dome which forms the 
roof of a building able to accommodate 700 people. The 
diameter of the dome already constructed is 83 feet, but 
apparently arrangements are being made to increase this to 
130 feet in future construction (and, be it noted, no less than 
six German municipalities have been able to afford to order 
one). The optical devices permit of the projection on to the 
dome of the sun, moon, planets, and the 4,500 fixed stars in 
the first six magnitudes, and by suitable gearing an astral day 
can be reduced to 4^ minutes, 2 minutes, or 50 seconds. The 
motion of the solar system can be still further quickened, so 
that a year can be traversed in 4^ minutes, 50 seconds, or 7 
seconds. 

A note entitled. The Cleaning of an Object Glass, by Herbert 
A. Howe confirms an impression that all chamois leather 
contains traces of grease, and is, in consequence, quite unsuited 
for cleaning glass ; soft old linen should be used instead. 

The first number of Vol. 4 of the Empire Forestry Journal 
contains a long and important article on sand dune reclamatioa 
in Palestine, where the forester is confronted with a problem 
complicated both by climatic conditions and cost. Thent 
are also articles on forestry in India, Burma, Honduras, 
Columbia, Canada, and Sarawak, so that it would be hard to 
be interested in any branch of forestry and yet not find several 
articles of special interest in the journal. The number also 
contains a very complete digest of recent publications emanatiajg 
from Africa, in addition to the usual reviews. A comprehea 4 vt» 
list of forest officers of the British Empire is supplied separabdly 
as an appendix. 

In Nature, October 24, 1925, S. Hirst announces tli^ 
identification of the adult form of the so-called Harvest SnHK 
a larval mite which burrows under the skin of the legs (chif^ 
in the autumn in many rural dtetricts. He propel no 
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fuieric name Trmtbieula for this annoying little creature, of 
ifehich the specific name is autumnalis Shaw. The adults were 
feared from chickens heavily infected with the larval mites 
and sent by Prof. F. V. Theobald and Mr. C. W. Goode of 
Wye. As many persons have experienced, the irritation caused 
by the burrowing larvse may remain for months and even 
for years. Many similar parasites infest tropical jungles. 

The London County Council (P. S. King & Son, London) 
issues an interesting little Handbook, illustrating travel and 
transport by land and water, as shown in the Horniman Museum 
at Forest Hill (19.25). 

A Conference of the Medical Committee of the British 
Empire Leprosy Relief Association was held at 24 Cavendish 
Square in October last. Sir Leonard Rogers, who appears to 
be the principal originator of the scheme, gave some interesting 
facts about new methods of treatment (Times, October ^4). 
Science, October 9, 1925, supplement, p. x, refers to the 
successful use of radium in leprosy at the Leper Receiving 
Hospital at Honolulu. Of course, new " cures " cannot be 
accepted without wide and long trial. 

The Times gives an amusing extract from its edition of a 
hundred years ago (October 21,1825), describing the speech of 
Olinthus Gregory, a mathematician and journalist, to the 
Mechanics of Deptford. After glorying in the work of Ark¬ 
wright, Ferguson, Herschel, Watt, Smeaton, Brindley, Nichol¬ 
son, and Ramidge, the enthusiastic lecturer concluded by 
describing Englishmen as being “ the most free, the most 
intelligent, the most inquisitive, the most virtuous people on 
tite face of the earth.” Many of these names are now forgotten, 
end we no longer admire such persons. Our ” big men ” of 
to^y are politicians, comic actors, tradesmen, and game- 
Iplayers—and our greatness is behind us. ” To great men there 
M'lSDthing small; To small men nothing great.” 

' Vol, II, No. I of Th* Annals of the Pickett-Thomson Research 
Laiibratory, St. Paul’s Hospital, W,C.2, contains a series of four 
Inbainous papers by Dr. David Thomson on measles, on new 
spMes of bacilli, and on chromogenic bacteria, finely written, 
fttsated, and illustrated. The difficulties of bacteriology 
wem to be increasing rather than diminishing with work done : 

etch door is opened new vistas appear, and the labour seems 
4 o hie endless. 

filn October 10, 1925, Prof. Harold Maxwell-Lefroy, of the 
Iiqp:rial College of Science and Technology at South Kensing- 
^BOiwas found unconscious in his laboratory, presumably from 
of some gaseous insecticide with which he had been 
|Mperimentu^; and he died four days later at St. George’s 
|iMI|>ital. He was a capable student and teacher of econonac 
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entomoli^ and had been Imperial Entomologist to the Govern- 
ment of India ; but, as his death proved and his work often 
suggested, his enthusiasm sometimes outran his caution. 
Valuable lives like his need not and should not be risked in such 
a manner. He was only forty-eight years old at his death. 

If there is any circumstance which reflects on the intelligence 
of the people in this country and America, it is the frequency 
with which some of their newspapers continue to publish the 
most ridiculous antivivisection propaganda. It would be 
interesting to inquire how many thousands or millions of cattle, 
sheep, hogs, rabbits, hares, fowls, ducks, snipe, quails, flsh, 
lobsters, and so on, are slaughtered, often under very un¬ 
pleasant conditions, simply to fill stomachs which would 
probably be much better fed on vegetarian diet—or merely for 
sport. Yet the owners of these organs and these sportsmen 
dare to slander and revile the very few men of science who are 
allowed to undertake occasional experiments on animals for 
the sake of the very boobies who abuse them. Thus, owing 
to the insufficiency of experiments on animals we are now being 
forced to massacre innumerable herds of beautiful cattle in 
consequence of the foot-and-mouth disease. The last possible 
folly we have seen is contained in a letter in which doctors 
are accused of killing poor innocent mosquitoes under the false 
supposition that they carry yellow fever and malaria 1 The fact 
is, that a very considerable proportion of people who are 
apparently quite sane in the usual relations of life are simply 
cracked ” on particular points. It is impossible to discuss 
such points with such people ; and that is why so few men of 
sense ever attempt to answer the " press-campaigns ” referred 
to. They have to do with what may be called monomorosis ; 
and monomorons, from dipsomaniacs to cranks and criminals, 
abound everywhere and cannot be argued With. 

One always wonders why it is that on the great annual 
commemoration of Armistice Day on November 11 the men 
of science, inventors, oiganisers, medical men, and others 
who took the leading part in winning the victory or saved 
thousands of lives during the long struggle should not be asso¬ 
ciated with the Royal Family at the ceremony. Why should such 
association be now reserved chiefly for our eternal politicwns 
(so adored by our dull masses), although it was lai^ely tiieir 
stupidity which was responsible for the whole tragedy. One 
wonders whether the shade of Lord Roberts is present on these 
occasions. 

Just vdien people thought that the foot-and-mouth disease 
of cattle was being conquered in this country, there came a 
mat recrudescence of it, and 150 outbreaks occurred in 16 
different counties in October and November last. IJie sdenUfi^ 



NOTES 


Sii 

mgaamment or mismanagement of the outbreak appears to 
have l)een in the hands of the same committee for years. 
Expert committees seem in this country to be often selected on 
the lines of comic opera ; and we confess we were glad when 
the President of the Royal Society, who is at least a great 
physiologist, was added to the board. Experts who have 
never " exported " are very common in this country, but poor 
Mr, John Bull must be beginning to scratch his thick head over 
the enormous bill which he is now paying in consequence of 
this disease—without much result. 

There has been much discussion in the press regarding 
certain recent war-memorials and commemoration tablets. 
One writer records the entire list of these placed along the 
Victoria Embankment from Westminster Bridge to Blackfriars 
Bridge. They are twenty-five in number, and the only man 
of science among them is J. S. Mill. One wonders why he was 
included. 

How slowly the mass of men advance in virtue or intelligence 
was shown by a report of a Bulgarian Commission, published 
in English papers on October 31, regarding the mischief done 
by the Greeks in the Bulgarian territory occupied by them 
for a few days previous to that date. They did little damage 
to buildings, but it is alleged that all the cattle and horses 
were taken away or killed ; all the poultry were killed and 
left in heaps ; all household furniture was removed ; the 
whole harvest of tobacco, rice, and wheat was removed or 
scattered ; and portraits of King Boris were mutilated, the 
eyes being cut out. We may remember that blinding was a 
favflftirite punishment in the worst days of Byzantine degenera¬ 
tion ; and, if the charges are true, the case must be one of 
moral reversion of a bad t)T)e. 

Conquest for November 1925 informs us that the Americans 
are ^ing to work the iron, platinum, and nickel contained in 
a huge meteorite, alleged to weigh a million tons, which fell, 
probably some thousands of years ago, near Caflon Diabolo in 
Arizona. The total value of this buried visitor is estimated to 
be about ten million pounds. 



CORRESPONDENCE 

To the Editor o/S cience Progress 

ARE THE CONTINENTS ADRIFT? 

From G. W. Tyrrell, F.G.S., A.R.C.Sc., Ph.D. 

Dear Sir, 

In my Essay-Review on " Are the Continents Adrift ? ” 
(Science Progress, Oct. 1925, pp. 321-5), I made a remark 
(p. 324) describing a certain statement by Dr. Harold Jeffreys 
concerning Wegener’s hypothesis of continental drift as a 
“ physico-mathematical ipse dixit.” This has been objected 
to as a misrepresentation, and I therefore hasten to withdraw 
it. The remark was penned in a phase of reaction against that 
spirit of bright confidence in which mathematical methods are 
ai>plied to geological problems by physicists and geologists 
alilce, which has come to disaster so often in the past. But 
the phrase was altogether too strong as a description of Dr. 
Jeffreys's quite logical argument demolishing one of Wegener's 
inconsistencies, and I should be glad if you would accord me 
the opportunity of expressing my regret for having used it in 
this connection. 

Yours faithfully, 

G. W: Tyrrell. 


Univbrsity op Glasgow. 
November 13, 1923. 
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•VXHKAST (Sir Ronald Bon) 

For many years past I have been advocating in lectures and 
the press some wiser methods for the public encouragement 
of medical discovery than those which are now employed. 
Such iteration is the only way to attract public attention towards 
any reform, however obviously needed. Suggestions which 
require serious thought are not easily advocated, and are 
generally met by the public with complete silence for years, or 
even for centuries, especially if the arguments are unanswerable. 
I flatter myself that mine belong to the latter class, because 
until recently they have received almost no public attention— 
though a few writers have opposed them. Quite recently, 
in Science Progress, vol. xix, pp. 296 and 465 (October 1924 
and January 1925), I considered the case in full once more, giving 
and discussing almost all the arguments for or against my 
|H*oposab. But we have been told that this mere reasoning is 
invalid ; that all doctors make discoveries ; that they ought 
to be honoured to ruin themselves over research ; that payment 
for thar discoveries would be beneath their dignity ; that no 
one knows exactly who it is who has made any advance ; and 
other grotesque fancies. No reform is likely to be effected in 
my time ; but I may as well continue these efforts, and will 
do so now by giving a summary of my conclusions on the 
subject. These are as follows : 

I. Actual medical discovery (as distinct from mere specula¬ 
tion or incomplete research) concerns or may concern the 
health and the life of the world’s entire population, numbering 
from- ono to two thousand million persons ; it affects not only 
^ present generation but succeeding ones ; and it is also 
indireetly connected with diseases of crops and of herds. The 
taocouingtiment of it is therefore a matter of the first importance 
for idl countries. 

a* Hkt history of science shows that nearly all the funda¬ 
mental medical discoveries have been made by a few private 
pinwMW^wnrking on their own initiative, in their own tune, at 
iMl* <mn|i expense, and often with the loss of more lucrative 

sn 
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professional opportunities. On the other hand, subsidised 
academical or institutional researches perform the important 
functions of confirming, extending, or utilising the fundamental 
advances made elsewhere. 

3. At the present moment the British public have officially 
refused to pay any money at all for the encouragement of the 
fundamental discoveries, however important they may be, 
when already made by private persons, but are generously 
subscribing about one penny a head per annum (say ;£i 80,000 
a year) for the subsidised medical researches. This is much IfAi 
than the sums they are now giving, severally, for educatim, 
defence, politics, amusements, drink, medical treatment, and 
even for their churches. In other words, they rely for the 
fundamental discoveries upon the enthusiasm and sacrifices 
of private individuals, generally struggling doctors; and 
subscribe only a comparatively trivial sum for the (chiefly) 
secondary subsidised researches. 

4. For example, recent discoveries, made by a very few 
persons, have proved that many of the most widespread or 
terrible diseases of men and animals are carried by insects and 
other intermediary hosts. These diseases are the curse of our 
tropical empire ; and most of the discoveries have been achieved 
by British medical men at their own expense. But the 
Chancellor of the Exchequer, the President of the Privy Councfl/ 
and the Royal Commission on Awards to Inventors refuud 
to allow any payment from the State for such work {see SciXNcp 
Progress, pp. 113, 284, 635, 1920, and p. 286, 1921, and the 
British Medical Journal, March 6, 1920) ; and up to the preseait 
the professional men referred to have received no professioiuti 
pa}ment from their grateful and intelligent countr5anon .for 
these strictly professional investigations, which have oonfernNl 
and will confer such great benefits upon the empire. 

5. Not only, then, does the private medical investigatar 
seldom reap any reward for his labours, even when tb^ ■DO 
brilliantly successful, but he is often actually penalised for wem. 
He is apt to lose the emoluments of medical practice, not only 
from loss of time over his researches, but from a common feehlK' 
that research is incompatible with clinical efficiency peases m-- 
Jenner and many others). The more successful his work, 
greater jealousy does it create among some of his profesSiomfl' 
fellows ; and the more original his work, the more surely 

be (a) virulently attacked by many for years ; (b) then attribsifo# 
by rivals to other people; and (c) often actually 
sometimes very successfully, by clever pretenders. Litttly, 
he is almost sure to be excluded (in this country) from tuemtW' 
appointments. In short, the successful private 

* Tlia Rt. HoablM. D. Uoyd Goorga, A. Chamberlain, and A. Jf; Bldfoiil^^' 
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Investigator is likely to receive much more punishment than 
aeward for the benefits which he confers on the world, and, in 
some cases, will not even be remembered. 

6. Such is “ the natural history of discovery.” A remedy 
ot^ht to be found. In my opinion, a man who works pro¬ 
fessionally for the world at large is just as deserving of pro¬ 
fessional pa3nnent as one who works for a single patient. 
In both cases there seems to me to be an obligation of honour 
to give him professional payment—both in ethics and in equity. 
But whatever politicians may decide on this point (and they 
have rejected the argument hitherto), I am quite sure of one 
thing—that it is consummate folly on the part of the public, 
in its own interest, to refuse such payment. The general 
effect of this stupid refusal must be the salne in science as it 
would be in other fields of work—to limit labour and to exclude 
the most capable men. The army of science requires the best 
men available : the state refuses to pay them even when they 
have done the most distinguished work ; well then, the best 
men go elsewhere. 

7. My proposal is that every nation should set apart a 
small proportion (say one-tenth) of the money which it spends 
upon medical research for rewards in the form of life-annuities 
to the men who have actually contributed important discoveries 
to the stock of human medical knowledge, whoever they may 
be. That is, I advocate a system of payment for results in 
addition to the system now in force, which consists only of 
payment for expectations. (Details as to the proposed mode 
of administration will be found in previous papers.) 

It b necessary to conclude with the following remarks: 
National pecuniary support for research is a comparatively 
recent innovation, and the result is that the principles upon 
which the available money is distributed are not yet fully 
understood, either in this country or elsewhere. The actual 
distribution of the funds is principally or largely in the hands 
of people who have not themselves added much or anything 
to the stores of knowledge, and who often spend the money on 
lubsidies, scholarships, and salaries for persons who may be 
enthusiastic enough but who may not possess any natural 
aptitude for obtaining valuable results. The fact is, however, 
that, as I have said, almost all the leading discoveries have been 
mAde by private persons, who, like the most distinguished 
poets, artbts, and musicians, do possess these natural aptitudes. 
The true way to encourage discovery, as apart from futile 
jttSatt, is to discover and to encourage the latter class of people; 
ttnd ^ey can be detected only by the results of their past 
bbours. 
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Ergo, I advise my countr 3 rmen to put at least 
money upon the men who have already proved theiry^chpaot]^ 
by previous success. These men should be encouiim^d bfr 
every possible means to continue their work as they twinsd|tes 
best know how to do, instead of being condemned to4dleai|S8 
(as usually at present) by the indifference of the public, mt 
this is not the whole of my argument. It is, I repeat, a point 
of honour for any individual to pay the physician vdio has 
saved his life : so, I think, it should be a point of honour for 
the public to pay the men of science who have saved, or will 
save, millions of lives by their researches. Since the time of 
Jenner, the British people, at least, have overlooked this little 
obligation. A “ nation of shopkeepers ” does not like paying 
for goods which have hitherto been supplied to it gratis by 
philanthropical enthusiasts. In the end, however, its in¬ 
gratitude punishes chiefly itself; and the day will come when 
the refusal of the politicians referred to above will be looked 
upon as being probably the basest episode in British history. 

We are glad to note that the Canadian Government has 
recently abandoned this attitude in connection with the dis¬ 
covery of insulin. Why do not our rich men sometimes follow 
the example of Alfred Nobel, instead of wasting their bequests, 
as they often do at present, on all sorts of doubtful or unproduc¬ 
tive schemes ? At present this country has no sense either 
of the importance of medical discovery or of gratitude towards 
those who have achieved it. 



ESSAY-REVIEWS 

SXX PSOOBB88 OF LOWDOV OEOXX^OT. By S. W. Wooudridgb, 
M.Sc., F.G.S., King's College, London. Being a Review of: llapf 
•nd Memoirs on the London District, published by H.M. Geological 
Survey, 1915-1925. 

The structure and succession of the rocks round London is, 
at first sight, so simple that it might be supposed that the 
work of mapping them and elucidating their history was well- 
nigh complete. Actually this is far from being the case. The 
work on the old maps was well done, and the memoirs that 
accompany them are geological classics, but they showed very 
clearly how much more there was to be learned, and have 
served rather to stimulate research than to render it un¬ 
necessary. 

The initial survey of the London District, conducted 
throughout on the i-in. scale, was largely the work of the late 
William Whitaker. The information gathered by him and his 
colleagues was published in the form of large hand-coloured 
sheets. In 1872 The Geolo^ of the London Basin was published 
as vol. iv of the Geological Survey Memoirs.^ This was followed 
in 1889 by The Geology of London, in two volumes, which dealt 
with a slightly smaller area. These works were largely written 
by Whitaker. In them interpretation was subordinated to a 
detailed record of exposures and tracing of outcrops. They 
have been, and will continue to be, indispensable to the field 
geolonst as exceedingly careful records of facts, and it is to be 
noted that they give detailed descriptions of sections which have 
long since disappeared and vnll never again be reopened. 
Nevertheless, they fail to give a connected picture of the subject, 
suitable for {general reading. Such an account was supplied 
by Whitaker in his short Guide to the Geology of London, which, 
however, ran through several editions and was out of print by 
1909. The opportunity was then taken of publishing four 
special colour-printed sheets covering the area immediately 
round London, and a small accompanying memoir was written 
by H. B. Woodward. This memoir was rather different in 
treatment from the earlier ones, for it gave an account of the 
large amount of research done by private workers, and accorded 

* This superseded old sheet-memoks on Sheets 7. xs, and 13 r e sp e e t t ysly, 
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full discussion to theoretical points. It was lucid in style and 
admirable in arrangement, and filled a definite gap in the 
literature of the subject. The maps were lai^ely based on the 
old I-in. survey, but the results of the 6-in, survey of the 
Thames Valley drifts by Howe and Pocock were incorporated. 

This account of the earlier publications of the survey is 
a necessary prelude to a fair evaluation of their later work. 
In 1910 a re-survey, on the 6-in. scale, of parts of the London 
District was begun under the direction of Mr. Clement Reid. 
A start was made in the west of the basin, on both sides of the 
Thames, and the work was pushed gradually eastwards until 
1915, when the exigencies of the war caused a temporary 
suspension. Mr. George Barrow had succeeded Mr. Reid as 
District Geologist in 1914, and during the war he did much 
to keep alive an interest in London geology, by publishing 
some of the results of his own work and that of his colleagues. 
In 1920 the survey was resumed under Mr. Henry Dewey, and 
has continued ever since. The results have been published 
'from time to time in small colour-printed sheets and accom¬ 
panying memoirs. 

It is proposed here to review briefly the additions to know¬ 
ledge resulting from this very considerable body of work, and it 
will be convenient to treat the several points in stratigraphical 
order. Only small areas of pre-Cenomanian rocks have been 
surveyed, and no striking new evidence has been obtained. A 
considerable advance has been made in the mapping of the 
Chalk, for since the publication of the older maps, the zonal 
subdivision of this formation has been considerably studied. 
Fonnerly regarded as a homogeneous and rather monotonous 
formation, it has been shown to be accurately and consistently 
divisible into palaeontological units, the distribution of 
which, if shown on a map, throws much light on the physio¬ 
graphy and tectonics of the Chalk tracts. It is not feasible, 
without the expenditure of labour disproportionate to the 
results achieved, to map the individual zones over large areas, 
and this has not been attempted on the new maps, but a 
welcome feature is the division of the Chalk into its three 
major groups. The Chalk Rock and its associated rocks at the 
base of the Upper Chalk have yielded their characteristic fauna 
at several places, and both on the Chiltem dip-slope and the 
Kent and Surrey Downs, the hard rock beds make a traceable 
feature, as also does the Melbourne Rock at the base of the 
Middle Chalk. If any justification is needed for mapping 
these smaller divisions, it is amply provided by a study m 
the Chiltem maps. The dissection of the dip-slope and escarp¬ 
ment is thereby brought out far more effectively than by 
the hadiuring of the older majM. 
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Much information has been collected as to the distribution 
of the actual zones. This is particularly welcome in the 
Hertford area, where, owing to the relatively unfossiliferous 
nature of the beds and the masking by glacial drift, little has 
hitherto been known of the Chalk. In S.E. London the distribu¬ 
tion of the zones beneath the Tertiary cover has indicated 
E.-W. folding of pre-Eocene date along lines coincident vuth, 
or related to, the similar folds of intra-Eocene or Miocene 
date. Before leaving the subject of the Chalk, we must also 
refer with appreciation to the accounts of its general palseon- 
tolo^ appearing in the Dartford and Londlon District Memoirs. 

Our knowledge of the Eocene beds has increased in several 
directions as a result of the re-survey. The Lower London 
Tertiaries have been mapped from Epsom to Rochester on 
the southern outcrop, and from Marlow to Hertford on the 
north. A very full account is given of the south-eastern 
area, where the classification of the beds has been brought into 
line with that sketched by Professor Stamp. The most impor¬ 
tant newfact emerging from the work is the overlap of the Thanet 
Sands by the Woolwich Beds, and these in turn by the Black- 
heath Beds in the south of the Dartford Sheet. This not only 
allows the approximate reconstruction of the Thanetian 
coast-line, but it appears to indicate a continuous submergence 
of the northern flank of the Weald during early Eocene times. 
On the northern side of the basin various outliers of Reading 
Beds appearing on the older maps have been removed, since it 
appears that they are not in situ, but are large masses of Eocene 
material reconstructed by the passage of an ice-sheet from the 
west. Remarkable cases of glacial disturbance and over¬ 
thrusting have been described at Cowcroft, near Chesham. 
A further interesting point has arisen concerning the litho¬ 
logical changes which take place in the Reading Beds, as they 
are traced towards the north-west. At Littleheath, near 
Berkhampstead, there occurs a large outlier of quartzose 
shingle and sand, which is regarded by Dr. Sherlock, the officer 
who mapped the ground, as pertaining to the Reading Beds. 
Quartz pebbles are not known in the Reading Beds nearer 
London, but occur in the outer fringe of the deposit along the 
Chilterns, as at Lane End. This is Sherlock's justification for 
grouping the Littleheath deposits with the Reading Beds, but 
they have been claimed by Mr. C. J. Gilbert as of Diestian 
{Lower Pliocene) age, and there is petrological evidence in 
support of this view. The problem still awaits solution. 

llie London Gay, long the Cinderella of the Eocene forma¬ 
tions, has enjoyed a belated return of interest in recent years. 
This is largely due to the careful palaeontological work of Mr. 
At Wri^ley, who has shown that it is possible to recognise 
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distinct faanal divisions in the mass of the clay. It is not yet 
possible to map these divisions separately, and much careful 
collecting work remains to be done, but the Geolomcal Survey 
has contributed materially to the solution of the pr(mlem by tM 
publication of fossil lists. Those appearing in the older memoirs 
are surprisingly meagre, and the idea has become current that 
the London Clay is a poorly fossihferous formation. This is 
far from being the case, and all exposures merit the closest 
scrutiny from the palaeontologist. 

In the older accounts, the existence of sandy passage beds 
between the London Clay and the overlying Bagshot Series, 
was recognised, but they were grouped with the London Clay. 
They cannot be separated from the latter stratigraphically, 
but they are lithologically distinct, and also support a somewhat 
different flora, as is seen at Shooter's Hill. The economic 
importance of separating these beds on the maps has long been 
clear. Cases are on record in which contractors have opened 
reservoirs in what purported to be London Clay, only to find 
themselves in laminated loams with numerous sandy seams, 
which offered every facility for the escape of the water. It is 
hence a matter for congratulation that these passage beds 
are shown by a separate colour on the new maps. They were 
first delimited by Dewey at Claygate in Surrey, and they are 
commonly known as the Claygate Beds. Since, however, we 
have no means of knowing that they everywhere occupy the 
same time-horizon, there is danger in thus assigning them a 
definite name. They occupy much of the high ground round 
London, especially in the Epping Forest district and throughout 
Essex, but thin out westwards. It is particularly interesting 
to note their occurrence on the heights of North Middlesex, for 
they rest here on a somewhat diminished thickness of London 
Qay, and the suggestion is thus conveyed that the clay is 
thinning fairly rapidly northward. 

The Bagshot Series has come under the notice of the sur¬ 
veyors, botn in the true Bagshot country of west Surrey and 
Berkshire and in Essex. The beds in the former locality were 
the subject of a long and indecisive controversy between 
Messrs. Monkton and Merries and Dr. Irving in past years, and 
while the work of the Survey cannot be said to have cleared 
up all the points at issue, it is satisfactory to note that they 
have found no difficulty in assigning definite and consistent 
limits to the three constituent formations : the Lower Bagshot 
Sands, the Bracklesham Beds, and the Upper Bagshot (or 
Barton) Sands. A rapid northward thinning of the Lower 
Bagshot Beds near Ascot seems to be well established by ito 
new work, and goes far to prove the reality of the overlap 
of the Bracklesham Beds lor^ daimed by Irving. The shOei 
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important discoveiy, however, made in this tract is the 
oecuirence of Lower Greensand chert in the Barton Pebble 
Bed* This fact has involved considerable alteration in our 
views of the rate of denudation of the Weald, and it opens 
up large questions as to the provenance of the Tertiary sediments 
in general. 

In Essex large tracts of Lower Bagshot Beds have been 
surveyed and the old boundaries corrected in many places. 
Although the results are not yet published in full, a general 
account of the advances made is available in the annual 
Summaries of Progress. The chief error on the old maps 
was the recognition of a Bagshot Pebble Bed, which was 
shown capping most of the outliers, as if it were origfinally 
a wide-spread sheet. Messrs. Edmunds and Dines, who are 
largely responsible for the revision in Essex, have come to a 
conclusion, which is shared by most geologists who have worked 
on these beds, viz. that much of the so-called Bagshot Pebble Bed 
is a polygenetic gravel of later date. At the same time they 
have reopened the type section at Langtons and proved that a 
true Eocene pebble-bed does exist there, not at the top of the 
Bagshot Sands, but at their base. It would appear to be quite 
local in distribution. 

The Geological Survey has always held itself aloof from the 
controversies concerning the several phases of post-Eocene 
histo^ in the London Basin. This attitude is unquestionably 

right one, since no semblance of finality has been reached 
in the discussion of these problems, and it would be unwise to 
select any one of the rival versions for official benediction. 
Nevertheless, the work of the Survey has afforded, in most 
cases, a sound basis for further work. It is largely owing to the 
ener^ and enthusiasm of Mr. George Barrow that the revision 
of the various drift deposits has been so successful. The 
cardinal virtue in drift mapping is consistency. It is relatively 
of little moment what name or age is assigned to a deposit, so 
long as that name is always used in the same sense. The new 
maps show a cle^" .snd lo^cal classification of the drifts, based 
on their charactei^a and disposition, rather than on opinions as 
to their age. 

On the Chiltem dip-slope a new category of drift is recognised 
-r-the Pebbly Clay and Sand—^which was formerly given the 
misleading name of Plateau Brick-earth, and was not clearly 
separated from the Clay-with-flints. Opinions may differ as to 
the origin and significance of this deposit, but it is certainly 
entitled to separate mapping. A clear distinction has been 
d^wn between the high-level PebUe Gravel, which is a Pliocene 
mr eariy Heistocene shingle, and the later plateau gravds, 
adth Hunter quartsitm and other far-travelled material. Thia 
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distinction, it is true, was made to some extent on the old i4n. 
map, but there was little consistency in its application^ In 
the special London sheets it was frankly ignored, the deposits 
being classed together as Plateau Gravels, and much harm has 
resulted from this. Whether or not one accepts Barrow’s 
views on the early Pliocene age of the “ Pebble Gravel," it 
cannot be doubted that he clarified the subject in a signal manner 
by his recognition of its wide extent, uniform elevation, and 
constancy of composition, and his insistence that it is immeasur* 
ably older than the so-called " plateau gravels." An outMng 
patch of the older gravels occurs at Shooter’s Hill, and here 
good evidence has been obtained of its Diestian ^ower Pliocene) 
age. It is perhap»s to be regretted that the officers concerned 
in mapping this area could not see their way clear to recognise 
this fact, and frankly class the deposit with the Lenham Beds. 
However, as stated above, their agnostic attitude has much to 
defend it, and the value of their mapping is not diminished by 
their unwillingness to commit themselves on a notoriously 
difficult question. 

The work on the river drifts shows a great advance. At an 
early stage of the revision a classification was adopted for the 
several terraces of the Thames, which for the first time are 
shown in different colours. This classification has been 
applied with success to the deposits of the main tributary 
streams. The Geological Survey also collaborated with the 
British Museum in the investigation of the sequence of cultural 
stages at Swanscombe, an excellent account of this classic 
research appearing in the Dartford Memoir. Full details have, 
of course, been published elsewhere by the authors, Messrs. 
Dewey and Smith. 

In concluding this review, reference must be made to the 
greatly improved scale of colours employed for the maps, in 
virtue of which they compare favourably with their predecessors 
as artistic productions. At the same time one may, perhaps, be 
permitted a word of criticism as to the policy pursued by the 
Survey in the mapping of soft deposits. In the geolopcaUy 
recent past the whole surface of the London countiyside has 
been a mobile sludge, creeping slowly towards the lower ground. 
As a result, the geological boundaries rarely show a simple 
relation to the contours, and in many cases large masses have 
slipped bodily. It is doubtless of small moment to the agri¬ 
culturist or engineer whether a bed is strictly in situ or not, 
and it is desirable that washes and slips should be shown on the 
map where they are thick and conspicuous. Nevertheless, great 
confusion must arise in the mind of the |[eological student when 
he sees London Oay mapped as resting directly on Thanet Sandw 
If he has no personal acquaintance with tne district^ he ha- 

i 
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evitably reads structural and stratigraphical interpretations 
into these purely superficial phenomena. Since the maps are 
widely used for educational as well as economic purposes, it is 
highly desirable that some distinctive sign should mark beds 
which are not in siiu. Further, it is a. regrettable fact that 
the new maps are not in all cases more accurate than the old. 
Several instances have come to the writer’s notice of alterations 
which are not justified. This is not necessarily the fault of the 
Surveyor, whose task in mapping thin and unconsolidated 
deposits is far from an enviable one. Nevertheless, it should 
be remembered that the old maps have served as a basis of 
work for scores of geologists, and have in consequence been 
checked and re-checked many times in matters of detail. The 
note-books of private workers contain records of temporary 
sections which serve to confirm or correct the old boundaries. 
It is a pity that this large body of evidence is not more generally 
available to Officers of the Survey, whose task would thereby 
be greatly facilitated. 

Note, —The publications referred to in the foregoing article 
are the Memoirs of the Geological Survey on the following 
districts, and the accompanying maps ; 

Windsor and Chertsey (1915) 

South London (19^1) 

Beaconsfield (1922) 

Aylesbury (1922) 

Hertford 0924) 

Dartford (1924) 

North London (1925) 

See also the Summaries of Progress of the Geological Survey, 
1910-1924 ; and The Geology of the London District, 2nd ed., 
revised (1922). 


TXB VBTOXOIAOT OF XVDZAV mTBBOT. By Col. W. G. Kino. 
C.I.E., M.B., C.M,. D.P.H.; LM.S. (ret.). Being a Review of: Tbo 
Heui of Aryavirte. By The Earl of Ronaldsbay. P.C., G.E.S.I. 
[Pp. xvii + 263.] (London: Constable ft Co. Price 145. net.) 

The frank offer to India of self-government within the Empire 
was made subject to a time-limit, estimated as sufficing to 
exhibit in practice both the loyalty and the ability of Indians 
of " light and leading ” to engage in the supreme phase of 
administration. Astonishing results have followed. Instead 
of calmly and assiduously labouring to prove that the country 
welcomed the change, and that, as the days passed within the 
time-limit, peace and plenty materialised, the bulk of the period 



S94 SCIENCE PROGRESS 

has been frittered away in verbose bugling by the intelli*' 
gentzia thus entrusted with the task. Ine offer was^ at least, 
magnanimous ; and its prompting was due to the belief that it 
would be received as confirming mutual trust in the honour 
of the country which made it and that which received it. Cer¬ 
tain busybodies amongst the people of India, however, elected 
to say, and perhaps believed, that Great Britian would not 
fulfil its promise, and that the offer was a mere placebo in view 
of anarchical tendencies which from time to time had been 
exhibited. Moreover, they asked, were the offer genuine, 
why should their ambitions be subject to the nursery aphorism 
that “ if a thing be good it is worth waiting for.” Hence, 
strengthened by the futile assumption that the discretion 
requisite in politics and administration is necessarily intuitive, 
and hereditary in the case of descendants of an ancient civilisa¬ 
tion, they desired to ignore the time-limit which would permit 
on their part accretion of experience and, on the part of Great 
Britain, the ascertaining that, in practice, the new-fledged 
administration did not forget that by the sword and pen, by 
sacrifice of British blood, by the sinking of millions of capital, 
India, from a condition of chaotic principalities, has been con¬ 
solidated and afforded the opportunity of becoming a unit of 
significance in future world power. These busybodies have 
forgotten the rock-bottom fact that the interest thus dearly 
acquired will never be allowed by the British people to be 
regarded as a petty bauble—^to be disposed of at the option of 
either an ephemeral orator or archaic sage. By facts not 
words alone can it be established that those who accept the 
offer also accept the axiom involved. 

So far, what progress has been made ? Without forgetting 
that useful measures have been advocated by a loyal minority, 
to the average western mind the administrative necessities 
vaunted by Extremists (whose presence has largely neutralised 
this leaven of its value) have shown that the idol of self-govern¬ 
ment to which they would offer the bauble has feet of clay. 

How is this unexpected result to be accounted for ? Has 
histo^ repeated itself in that " someone has blunder’d,” 
and if so, how ? That b the question Lord Ronaldshay has 
made it hb task to answer, in hb recently publbhed work 
The Heart of Aryavdrta.^ In this he neither advocates nor 
dbapproves of the offer of self-government, nor deab with the 
rather complex question of the origin of certain clauses in tlm 
documents concerned, but considers the problem as to why h 
has been received in a manner incomprehensible to the aven^ 
Briton. This he has effected with the courtesy and impartiality 

‘ The Hettrt of AryanMa, by the Rt. Hoa. Earl of Ronaldabay, P.C.. 
G.C.S.I., G.CJJS,, etc. (Constable ft Co.. Xondon, 1^5.) 
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that well befit a man who, in the r 61 e of Governor of the impor¬ 
tant Province of Bengal, for five years held the scales of might 
and justice under conditions not invariably pleasant. In 
a careful and interesting analysis of details of lore of the East 
little known to the British public, which he claims affords the 
web and woof of " thought-structure of the Hindu," he demon¬ 
strates how it has been possible for a people called upon to deal 
with materialistic facts to forget that, on this earthly plane, 
time happens to be a factor of no little importance and cannot 
be ignored by the mass intent on euthenics—^whatever may be 
the predilections of individuals of a rhetorical minority in 
favour of the mirages and rainbows of abstract idealism. 

In following the author’s arguments, it is well to remember 
that, according to the Census of 1921, the Indian Empire, 
including the independent States, has a population of nearly 
319,000,000 ; that (without mention of dialects^ 222 languages 
are current, 13 of which must be regarded as largely spoken ; 
that 161 males and 23 females per mille are returned as 
" literate ”—a classification including not only those possessed 
of the higher forms of scholarship but also those merely able 
to read a letter from a friend and write a reply in any language 
—and that 16 males and i*8 females per mille are literate in 
English. It is obvious that to attempt the tracing of modi¬ 
fications of thought-structure in so huge a population would 
entail the writing of many volumes. It so happens, however, 
that of the total population 89*8 per cent, may be classed as 
niral. Normally, these classes have neither Icnowledge nor 
interest in politics, although in common with the urban 
population (constituting 10*2 per cent of the total) they may 
be stirred to panic or vindictive action by ready and unques¬ 
tioned acceptance of ridiculous and baseless rumours. In 
other words, Indians as a mass are emotional and find relief 
in spasmodic action {karma). The author, therefore, has 
proceeded to dissect the thought-structure of the intelligentzia, 
who by accident of possession of power, placed in their hands 
in trust by the British Government, are m the position at the 
present tune to use or misuse this characteristic of the majority 
of their countrymen. No less than in the mass are emotional 
tendencies existent in certain sections of the intelligentzia; 
but these find relief not in action but in debasing reason by 
building " castles in the air *' and, in realms of unstable 
equilibrium and relativity, forget to summon to imagination 
the semblance of foundation, whilst entranced in the beauty 
Of the superstructure of their fantastic creations. 

But by no means does the author treat thought-structure 
of the Hindu thus summarily. Ihe mosaic exhibiting his 
v^hcAt aigument consists of wdl-adapted items. His medu»d 
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has been to suggest deductions, each of which he supports 
methodically by authentic details. He starts by quoti^ thtt 
assertion of Mr. Pal that the ** fundamental conception of the 
Vedanta Philosophy is the world idea of the Hindu race,” and 
with sympathy for much that this connotes traces its operation 
in thougnt-structure, till a point is reached where even the 
restrained occidental idealism of the author is touched by his 
visit to the school at Bholpur founded by Dr. Rabindranath 
Tagore. He relates that " led by a Pandit the pupils chanted 
Vedic Hymns in Sanskrit with striking effect . . . Here was a 
reproduction in miniature of the conditions amid which the 
civilisation of India had been bom, the life close to Nature in 
the heart of the forests, which provided early Aryan settlers 
with all they required. One recognised in all one saw around 
one both a protest against the artificiality of modem life and 
an offering of homage to the ideals and positions of the past.” 
In further illustration of Hindu thought-structure, he quotes 
the opinion of an educationalist of long experience in India, 
who summed up the mind of the Indian boy “ as nearly the 
antithesis of the English boy,” in that “ he is highly imaginative 
and delighting in subtleties ... a field of concrete facts only 
appealing to him as a stepping stone to the field of abstract 
thought.” It would thus seem true in the East, as in the West, 
the child is father to the man. 

These mere outlines may indicate the birth, though to the 
average western mind, in the light of concrete facts, they fail 
to justify the dreams of that section of the intelligentzia known 
as ” Swarajists,” who would fain rid India of the British bag 
and baggage, and would spurn western education, western 
art and industries. Thus free from alien influence, they hold 
they would be able to revert to conditions attending the 
civilisation and culture of India amidst peace and plenty,* 
as depicted by the late Mr. Das : 

” We had corn in our granaries ; our tanks supplied us with 
fish ; and the eye was soothed and refreshed by the limpid 

* Waves of invasion in India did not favour preservation of bistorical 
accounts of the economic conditions of the masses, even had that been regsidad 
as of moment by the historian of the period, but the following rouj;^ data 
of conditions give a glimpse as thw were in the good old times ": Famzkxs : 
According to Danvers and Waliord there were severe famines in 503-443 
B.c. and A.D. 1022, '52, '60. In and after the thirteenth century recoraa 
are more availaUe. Up to 1842, when relaxation of military watchfulness 
left time for dvil administration by the British, .thirty-six famines 

axe recorded. Public Hbaltb : Vital statisdcs were not compiled by Indian 
authorities lot the general population, but those for sepoys under the East 
India Company in 1821-33 show that cholera attacks were at the rate of 
43 per mine per armum. In a recorded instance, the dvil pcmtibdfon 
when devaated by cholera threw, their corpses In tim delds to be davonted 
by KaH. The observer states that the whole vidnage of the town waab, 
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blue of the sky and the green foliage of the trees. All day 
long {no strike for a forty-eight-hour week being feasible] the 
peasant toiled in the fields ; and at eve returning to his lamplit 
home, he sang the song of his heart,” But these things were 
no more. “ The granaries are empty of their golden wealth ; 
the kine are dry and give no milk ; and the fields once so green 
are dry and parched with thirst. [Infelix agerl Enormous 
extension of irrigation under British rule has been futile I] 
What remains is the dream of former happiness and the languor 
and misery of insistent pain.” Two questions must arise in 
the average matter-of-fact western mind—is it possible Mr. 
Das really believed the statement he made. As to this the 
author’s criticism is couched in the language of the experienced 
diplomat—^he is of opinion there was exhibited ” a fine disregard 
of historical accuracy.” Of more importance is the second 
point which the diplomat leaves untouched, vie. did Mr. Das 
believe his statment would be credited. It may safely be 
assumed that he did, and that as a political agitator he deliber¬ 
ately calculated upon the emotional instincts of the people he 
addressed thrusting reason from its seat. The incident is 
typical of the position of the perverted thought-structure of 
Swarajist intelligentzia when brought in contact with the 
masses, whose interest they insist they represent. Mr. Das. 
probably in a state of samadhi, relegated to maya historical 
records of famines in India before the days when Company 
Bahadur was sufficiently established to inaugurate the grand 
task of care of the civil population, which, under the beneficent 
Queen Victoria and her successors, has been faithfully and toil- 
fully fulfilled. As to the granaries remaining full after the 
revenue authorities of the good old time and the egotistical 
collecting agents had been remembered according to custom, 
and the ryot in the absence of coin had paid his labourers in 
grain, and had made a reserve for his family in case of famine, 
the prospect of repletion of the granary must have been the 

bodlble ctaaxnel-house where dogs, pigs, jackals, and vultures held high 
tevd." The earliest vital statis&s for Calcutta show that 33 per cent, of 
total deaths (37-81 per miUe per annum) were due to smallpox. Indians 
died at toe rate of 51 per mille. Pubuc Safety; Even toe royal 
road nnder Aurangseebe was infested with robbers and it is recorded " way¬ 
farers cannot travel in safety.” In the name of religion, cowardly murders 
were frequently committed by Thugs. The right of summary justice or in¬ 
justice was fr^uently exercbed by rulers. In certain areas, the ryot was 
mtpected to yield half the produce of his fields to rulers for revenue purposes. 
To surround a village with cavalry at night was one of toe methods employed 
for collecting revenue. Public Woxxs ; The safety of great engineming 
wdrks was ensured by human sacrifices, «.g. King Krishna of Virianagar 
obtamed the security of a dam by the sacrifioe of sixty human beings 
.IpaiVATBSAntTY: Wives were encouraged to be careful as to culinary arraoga- 
' miinty by visuahelng toe drastie remedy of mtee. 
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subject of "illusion.’* Hie analogy of the last ages of the 
C3miaBan propheiy to the good old da^ of India doubtless 
appealed to Mr. Das, in the matter of "ideal " milk. Was it 
not in that dreamland age that " of themselves the goats shall 
carry home their udders distended with milk, nor shall the herds 
fear the mighty lions. Of itself thy cradle .shall pour out for 
thee caressing flowers." A hypothetical " empty ” granary 
of the present d^ would show that the ryot, via the railways 
(the resultant of British enterprise and largely of British capital), 
had the sense to barter the " golden wreath " of grain for more 
materialistic coin. 

Whilst false history might serve its purpose in communal 
psychology, the extremists of the intelligentzia recognise that 
to secure action by one of their own classes, emotion must be 
stirred by appeal to more radical elements of Hindu thought* 
structure. By way of enforcing the bag-and-baggage concep¬ 
tion, murders of both Europeans and Indians aiding them was 
their apposite reply to the offer of self-government. Those 
who were foolish enough to conceive that this procedure would 
be effective had little knowledge of the thought-structure of the 
sahib-log, who, while unfortunately often yielding to subtleties, 
are so little capable of imagination as at once to harden their 
hearts and be " at their best in tight comers.” Such extremists 
were, however, wise enough not to run the chance of their own 
necks being in request. They adopted the method of selecting 
easily influenced educated young men, and, during months of 
cunning teaching, perverted the Vedas by exclusion of the 
context of vital clauses, and thus convinced them that murders 
were legitimate. A succinct account of this contemptible 
procedure is afforded by the author (pp. 125-127), who, as 
the late Governor of the Province concerned, speaks from inner 
Imowledge. He ends his statement with the suggestion that 
this result " must be attributed in no small measure to the dis¬ 
appearance of all religious instruction from the schools, due to 
the assumption of a strict neutrality on the part of Government." 
Hiere is truth in this plea ; but what other course could bo 
open to Government in its task of holding the scales of justice 
fairly amidst diverse religions ? What form of religious instruc¬ 
tion would connote the necessary morality and yet convey a 
message acceptable alike to the Christian, the Brahman, the 
Sudra, the Mohammedan, the Parsee, and the Untouchables ? 
Moral aphorisms might be repeated after the CouO or indigenous 
parrot method of scholastic training and thus find a precarious 
settlement in subconsciousness, but even then would not 
touch the " foundation " within Mr. Pal’s definition of Hindu 
thought-structure. Pandits may find ecstasy or sama^ {11 
study of the few fragmnats of the true Vedas and the lei^^ 
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comment^ thereon of Sankara ; even those outside the three 
thrice-born castes may hear (and not understand a word of) 
the melodious Sanskrit, but the practical application of Hinduism 
to daily life is not thus found, but in the laws of Manu. These 
enforce the superiority of the Aryan invaders over the indigenous 
races of India, whether it be in respect of what is known as 
common justice in the language of the West or social equality 
as thus summarised : “On account of his pre-eminence, on 
account of the superiority of his origin, on account of his 
observance of (particular) restrictive rules, and on account of 
his particular sanctification, the Brahmana is the Lord of (all) 
castes (varna)." Would religious teaching in schools find favour 
with Hindu intelligentzia did it not connote the requirement 
that whilst the three thrice-born castes may study the Vedas 
“ among them the Brahmana (alone) shall teach it, not the 
other two ; that is an established rule ? So long as these 
rulings of Manu are observed, so must the thought-structure 
of the indigenous races be limited in superstructure, whether 
the “ foundation ’’ be as described by Mr. Pal or not, and so 
long will 60,000,000 of human beings (not aliens but fellow- 
countrymen of patriotic Indians) be condemned to the extreme 
degradation of Untouchability. Did the indigenous races but 
awaken to this fact, they might well at the next communal 
election suggest that the bag-and-baggage doctrine be applicable 
not only to the British but to the Mohammedan and Aryan 
aliens. 

The author approaches the hard facts of the case when he 
alludes to the disappointing results of efforts by western 
educationalists who have striven not to abolish eastern lore, 
but to weld with it those advances in science which were made 
in the centuries barren of learning in India between the zenith 
of Hinduism and the arrival of the British ; a period which, 
in all probability, would have been fruitful, had the protection 
of life and property in the successive waves of invasion of the 
country not been then the paramount object of men of light 
and leading. From the Universities there has been a stream 
for many years of about 2,000 graduates per annum. What 
has been their influence in securix^ the advance of India ? 
More is demonstrable about the progress of the graduates than 
of the aid their country has derived from them. When full- 
fledged the graduate is straightway married and is disposed of to 
the bride’s family at a market value of about Rs. 6,000. He 
thereupon embarks upon a sea of domestic trouble and looks 
for financial relief. Emplosrment is then sought—preferably 
under Government, and elsewhere only as a last resouit^. 
liie employment market having been overcrowded for many 
years he may be. content with a mere nominal wage, so long 



530 ^lENCE PROGRESS 

as he be allowed a foot^; and, with the lapse of time, he 
finds himself devoid of initiative. In one direction only is there 
an outlet for imagination and love of subtleties—the offspring 
of his thought-structure— vis. the practice of law amongst 
a people who, sharing his instincts, will risk the last anna upon 
the outcome of a lawsuit. The successful vakil readily becomes 
the verbose orator. On the public platform he will preach of 
radical reforms, removal of the misery attending virgin widow¬ 
hood, and will espouse the brotherhood of Inmans, including 
the Untouchables ; but off the platform he will unblushingly 
plead reasons why he cannot personally give practical effect 
to these sentiments within his own family circle. 

For this absurdity of thrusting educated men on the country 
by the thousand without prospect of employment, many in the 

g ast have blamed the methods of the Educational Department, 
ut the author claims for it that there was no choice ; the 
demand for education of the nature given has been from the 
people. All who have dealt with public bodies in India will 
accept this statement. Funds for other desirable purposes 
were at all times difficult to secure, but the vote of Indian 
members of public bodies for expenditure on education could 
be safely counted on at all times. The acme was certainly 
reached under the late Mr. Gokhale, who secured an enormous 
increase in the pre-war budgets of the Government of India at 
^ time when trade was vigorously representing the need of 
more wagons on the railway. Year by year expenditure on 
the Army had been decreased under pressure by Indian repre¬ 
sentatives, with the result that when the field was taken on the 
frontier and Mesopotamia in the Great War, antiquated and 
defective equipment was at disposal, with ulterior effect as to 
life and safety of their countrymen. It is, therefore, a curious 
aspect of communal psychology to find that a people who but 
a short time back literally clamoured for western education 
should now demand that it be put aside, in favour of archaic 
philosophy to be communicated in the main by the medium 
of the vernaculars.* Here repercussion is evident of a type 
showing emotion sufficient to conceal from reason concrete 
facts. Graduates are duly produced not in proportion to 

* This may be justified by the hysterical sentiment accompaindng tiw 
tiharka and bag-aod-baggage policy, but would be destructive of the Swarajist 
dream of welding the speakers of ssa languages into a nation. For this, a 
Hf^sa franca, not evolved in the lapse of centuries but ready-made, is essential 
—the nearest approach to which is offered not by Bengali but by English pr 
Hindustani. Difficulty in acquisition of English by Bengal Univwsi^ 
students mentioned by the author is a peculiarity not common to othar 
parts of India, as shown hy the higher standard of mstriculation Examination 
demanded coewhere. {Educational Department Notification. Fort 9 t. 
<iieoigB, No. 169, December 1908.) 
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anv ruling by the Government of India, but In accord with 
public demand. Had the science^ been looked to as affording 
careers for young men, undoubtedly necessary public fun<^ 
would have been forthcoming for the purpose. But the possi* 
bilities of “ Government employ ” or practice of lucrative law, 
were the goal sought by Hindus of the higher castes carrying 
with them the traditions of clerical work of the nature demand^ 
by Nawabs and Rajahs of olden days for collection—^the dis¬ 
bursement was managed often by other than the scribes-^f 
revenue. Caste prejudices for many years prevented medical 
and sanitary careers being desired, but with the lapse of time 
these are also in favour. 

The result at the present day is that the unemployment of 
graduates is as acute a question in India as the unemployment 
of labour in Great Britain. Swarajism grafted upon the 
thought-structure of Hindus contaminated by western culture 
is liable to produce unhealthy plants. Why is such a suggestion 
necessary ? Has the Educational Department done its duty 
when inculcating western learning ? The Government of 
India had before it the reasonable premiss that British culture 
would lead to the appearance of patriotic Indians, whose 
aim in life would be the adaptation of western science, in its 
various departments, to the development of the natural resources 
of the country ; that at intervals scientific inventions of utility, 
not only to India but to the world at large, might well be ex¬ 
pected ; that educated men would desire their women to be 
educated and freed from numerous disabilities ; that patriotic 
Indians would have conferred upon the lower castes of their 
countrymen freedom from their degradation without incite¬ 
ment thereto by Government; and that the social customs 
tending to penury and (from a communal economic point of 
view) to unsound investments (for example, as represented by 
the sowcar and his agricultural client) would have been 
suitably modified. The author shows (p. 21) that economic 
development was foreshadowed in Sir Charles Wood's dispatch 
of 1854, which declared the intention to “ teach the natives of 
India the marvellous results of the employment of labour and 
capital, rouse them to emulate us in the development of the 
vast resources of the country, and gradually but certainly 
confer upon them all the advantages which accompany the 
healthy increase of wealth and commerce.” These results 
could have been obtained, and are still possible, without 
diminishing one iota the love of the educated man for the 
philosophy of his countrymen, as ably pleaded by Sir Asutosh 
llukerji and quoted by the author {p. 245). But the stock 
reply to invesung money in the development of the resources 
of the country b the ” poverty of India.” This is illusion 
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Rs. 500,000. Subscriptions poured in be3rond the day of closure 
till the capital offered exceeded Rs. 6,000,000. There is no 
lack of necessary funds, no lack of natural resources, which, 
in their development therewith, would secure a new India 
where both brain and muscle of all classes and castes would 
find ample employment and material advantages. In short, 
the “ foundation " factor of failure to effect advances in the 
direction indicated in Sir Charles Wood’s dispatch is not the 
incompatibility of industry and commerce with the spirit of 
Vedantism, but with the “ thought-structure ” of the holders 
of finance in India—the sowcar and his ilk. They have for 
centuries prospered on cruel interest wrung from the agri¬ 
culturist and townsman alike—often the burden of debts incurred 
by the father being borne by the offspring. In conunerce 
they are loath to take anything beyond a well-ascertained 
average risk; their minds revolt from parting with money 
with Tittle or no interest during the latent period ordinarily 
essential when factories and new trades are inaugurated. The 
remedy is in the hands of the practical patriot who would insist 
upon modifications of family interdependence and of puerile 
social customs, in advancii^ money for which the sowcar fattens. 
Sir Charles Wood’s dispatch is dated 1854 ; beyond the Tata 
Company no really great industrial concern yet exists in India. 
Almost ten years later, Japan, which also has its system of 
Philosophy and its samadhi desires, awoke to the necessity for 
encouraging industry and commerce. The present day contrast 
in advancement in these respects of the two countries is obvious. 

But it would be wrong to believe that amongst the Extremists 
of “ light and leading ” m India there is no-man who sees that 
ip the economic development of the country rests its present 
I>rosperity and future as a world unit, or that they are not 
rich in able politicians. Did not Mr. Gandhi visualise that the 
cooly with the hand spinning wheel {charka) could successfully 
compete with western machinery? Did not the Swarajists 
propose to flout the money markets of the world by presenting 
an unbalanced Budget to the Government of India? Have 
they not attempted to whittle away the martial defence possi¬ 
bilities of the county until the tenuous condition of thought- 
structure is exemplified ; and do the^ not desire abolition of 
protection within the British Empire, in the presence of evolu- 
tionaipr conditions in at least three countries of Asia, well 
knowing that the lapse of a generation will bring forth conditiox^ 
fhowever imaginative and subtle alliances may have been hoped 
for^ which must be met by materialistic agencies—« guide to 
sritirii is not found in ardiatc phUosopfay. 


{maya). Money is fdrthcois^ for ultra-safe investments, 
ej, in 1913 the Upper Sind Light Railways required a loan of 
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XHTMLamONm or OSXMVAimBa BstProv. J. AsthvrTkomkw. 
Bohig a Review of The MenWtty of by Wolfgang KAUer. 
viii + 34a, with 9 plates and 19 figures.] (London: Kegan 
Trench, Tr&bner & Co. Price t6s. net.) And Ohimpanaee IntoiUgoeot 
■ndlttVooalEzpreisioini. By RobertM. Yerkes and Blanche W. learned. 

137 '] (Baltimore: Williams and i^^lldns; London: Baillidre, 
Tindall & Cox, 1925. Price 17s. net.) 

The importance of Prof. Kohler’s work is twofold : (i) the 
observations were made on healthy animals, living togethw 
cheerfully, in a suitable place (Teneriffe) ; (2) the observer is 
an expert psychologist, familiar with the pitfalls in the study 
of animal behaviour, such as attaching importance to an 
isolated fascinating achievement. What he has done is to 
show that chimpanzees often solve problems in an intelligent 
way, appreciating the significance and relatedness of different 
links in a chain of acts, making perceptual inferences in reference 
to visible situations. Thus they would put one box on the 
top of another, even making four-storeyed erections, in order 
to reach a banana suspended from the roof. They learned to 

i 'oin two pieces of bamboo rod together in order to make a 
ength sufficient to reach a prize outside their cage. One of 
them bit at the end of a piece of stick, reducing the end till it 
was of a size suitable for insertion into a bamboo rod that had 
to be lengthened. There are many such examples, well- 
documented and well criticised. It is true that chimpanzees 
must have the factors for the solution of the problem within 
their visual range, for they seem to have a very limited capacity 
of working with mental images ; but they are far more intelli¬ 
gent than was suspected. 

Prof. R. M. Yerkes, an expert in the study of animal be¬ 
haviour, has made intimate and careful observations on two 
young chimpanzees. The details are of great interest, so much 
depends on the precautions taken to avoid fallacious inference ; 
but we cannot do more than indicate some of the outstanding 
results. 

It is plain that there are very marked individual differences, 
and that bodily health counts for much. The male, Chim, 
who was in vigorous health, showed himself sanguine, venture¬ 
some, trustful, friendly, and energetic. The female, Panzee, 
who was in poor health, showed herself distrustful, retiring, 
and lethargic. Chim’s behaviour suggested in most cases 
unusual intelligence, but Panzee’s suggested stupidity. This 
points to the importance of the health factor. Sometimes the 
difference in behaviour might have to do with sex. Thus the 
male habitually strove to evade the disciplinarian, while the 
i^ale tried to get into his arms. One day Chim carefully 
l^ucked some blossoms and presented them to a lady attendant. 
He would dance in a lively way, keeping time to music, but 
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PMzee, though interested in music, never danced. Ohtm 
constructed nests, but though Panzee once or twice climbed 
the tree to take a look at one, she was not much interested, nor 
did she build herself. 

There was abundant evidence of high sensory equipment, 
visual in particular. But again, it was the vigorous Chim who 
was most interested—even in the distant mountains 1 He 
also was much quicker to appreciate something of the simifi- 
cance of a new situation. It was also very striking to see Chim 
dealing with a juicy orange halved across the equator, for after 
a little experimentation he learned to extract the pulp without 
losing a drop of the juice. Panzee’s technique in eating a 
half orange was crude and careless in comparison, and commonly 
resulted in the loss of more or less of the juice. 

Of intelligent insight the best example, we think, is in 
connection with lifting one box on to another in order to secure 
a banana which was otherwise out of reach. The solution came 
within five minutes. Dr. Yerkes has no doubt that Chim 
worked with ideas and made inferences. “ Most surprising 
and impressive in Chim’s behaviour,” he writes, “ was the 
continuity of attention, high degree of concentration on his 
task, evident purposefulness of many, if not most, of his acts, 
his sjrstematic survey of problematic situations, his rapid 
elimination of unsuccessful acts or methods, and his occasional 
pauses for reflection.” 

Mrs. Learned’s contribution is a careful record in musical 
notation of all the sounds habitually uttered by the chim¬ 
panzees already mentioned. They fall into four groups, 
according as they were made while waiting for food, while 
eating, when in company with persons, or when two chimpanzees 
were together. Seventeen begin with gutturals, like gho in 
greeting friends ; four begin with an aspirate, like ho—oh 
m alarm ; five begin with nasals and labials, like ngak a food- 
word ; five begin with vowels, like ah — oh—ah a half-scream of 
apprehension. There is a larger repertory of vocalisations 
than was suspected, and these might form the basis of a language 
if the chimpanzees began to imitate sounds persistently as 
parrots do. But there is almost no trace of this. So Mrs. 
Learned concludes : ” Although the young chimpanzee uses 
significant sounds in considerable number and variety, it does 
not, in the ordinary and proper meaning of the term, speak.” 

These three investigations taken together mark a noteworthy 
advance in our understanding of the chimpanzee, and Prof. 
Kdhler’s work seems to us to be one of the most important 
contributions yet made to Comparative Psychology. 
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gommation o! Seriei. Collected by L. B. W. Jollby, M.A. (Cantab.). 
[Pp. xi -I- 231, including many pages left blank for additions by the 
reader.] (London: Chapman Sc Hall» X925. Price 135. 6d. net.) 

Thosb who desire to study natural problems accurately, and therefore 
quantitatively and mathematically, but who are not professed mathematicians, 
often find themselves signally defeated by the sudden apparition of series, 
the summation of which they cannot discover in their books, or cannot 
always even obtain from their more learned friends. This is often especially 
the case in biological or epidemiological work; and the textbooks are 
frequently either too general or not general enough. This book will therefore 
serve a very useful purpose. It contains twenty-eight chapters, each of 
which deals with a class of series, from arithmetical and geometrical pro¬ 
gressions, powers of natural numbers, exponential and logarithmic series, trigo¬ 
nometrical summations.elliptic functions,and Fourier's series,to series involving 
BemouilU's and Euler's numbers. The series itself is given on the left page, 
and its sum on the right page, without proofs or unnecessary explanations; 
but there is always a reference to previous and more general works in which 
proofs and details can be found. A feature of the l^k is the presence of 
numerous blank interleaved pages on which the reader may insert bis own 
additions. There appear to some misprints—as, for instance, in the 
series numbered 9, 32d, 59, 88c, noted only in the first eight chapters. The 
printing is clear and spacious. 

In ScxBNCB Progress for October X9i5» January and April 19x6, and 
October 19x8, I described what 1 called an ** operative '* notation which 
enables us to denote series of many kinds besides simple summative series 
ot continued products, and which, wirix some obvious extensions, would 
enable xis to supersede the cuxnbersome symbols now in use for such processes 
as well as to study altogether new kinds of series. It is a pity that these 
proposals met with no consideration among mathematicians; they might 
have helped largely in the arrangement and scope of this excellent work. 

R. Ross. 

f oilf-Vigtive Mathematical TaUes. By G. W. C. Kaye and T. H. Laby. 
[Pp. vi -h 26.] (London: Longmans, Green Sc Co., X925, Pdoe 
IS. net.) 

A WBtn-ARRANGBD little book which will be convenient for the less-exact 
calculations chiefly required in laboratory work. Thme are fourteen cl aas iw 
ol tables, such as logarithms, natural trigonometrical ratios, logarithmic 
tables, p ow e r s, roots, and reciprocals; and it is a distinct advanmge that 
aadh olm, except the last, is confined to tvro ooposite pages. The wor)i has 
been prepared at the request of the Melbourne University »ass. 
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Htedbndi dar Badiologle. Band VI. Die The<Mlen det Badialogle/* 
Bearbeitet von M. v. Laub, P. ZbbmaKp H. A. Lorbntz, A. Sommbr-* 
FELD und G. Wentzbl, Gsoro Joes, £. Rieckb, L. Vbgakd» und 
P. Debye. [Mit 141 Figuren und Abbildungen im Text und auf 
Tafeln. Pp. xi 4- 807.] (Leipzig: Akademische Velagsgesellschafti 
X925* Price 40 gold marks.) 

This volume marks the completion of the Handbuch der Radioiogie, and 
gives a good account of the state of mathematical and experimental investi¬ 
gations of the properties of the electron and allied subjects up to the beginning 
of 1924. The names of the collaborators alone are sufficient guarantee of 
the excellence of the volume. 

The first two sections are written by M. von Laue, and the first of these 
deals extensively with the motion of electrons and ions in fields of force* 
whilst the second gives a very complete account of the theoretical aspect of 
the passage of and /S-rays through matter, in which the work of Henderson, 
Rosseland, and Wentzel receives due recognition. Prof. P. 2 ^man 
contributes a most excellent description of the more recent experimental 
work on the magnetic resolution of spectra lines, supplemented by many 
interesting figures and tables to illustrate the rules which govern the Zeeman 
Effect, and the work of van Lohnizen, Sommerfeld, and Back is very clearly 
presented. This contribution is followed by a discussion of the theory of 
the Zeeman Efiect by Prof. H. A. Lorentz, which is noteworthy for the 
clearness and conciseness with which are treated those cognate branches of 
the quantum theory such as Bohr’s correspondence principle. This principle 
is elaborated in the section on the application of the quantum theory to 
atomic structure by A. Sommerfeld and G. Wentzel; this section is, of 
course, purely mathematical, and in it no extensive comparison of emeri- 
mental and theoretical results is attempted. The experimental basis of ttie 
quantum theory is, however, by no means neglect, and the following 
article, by G. Joos, deals fully with the methods and results of the excitation 
of atoms by radiation, electron, impact, and by charged and neutral atoms. 
Collisions of the second kind, first emphasised by Klein and Rosseland* 
receive adequate treatment. The results of some more recent experiments* 
such as those of H. D. Smyth and of Wood and Ellett, are considered in an 
addendum. A glance at the long list of references gives an indicatfon of 
^e scope of this article, and, incidenjtally, of the fairness with which 
work ox English and American workers has been incorporated in this volume. 

Prof. Riecke's article of over 200 pages was written in 19x3, but 
has been edited and revised by M. von Laue, who has succeeded, by means 
of footnotes and the addition of a few subsidiary chapters, in bringing the 
article up to date with a minimum of alteration of the original manusoipt. 
Von Laue’s additions are eveiywhere clearly marked, and the completed 
article thus forms a comprehensive survey of the theories of the emiSnon of 
electricity by hot bodies, the conduction of heat and electricity, and of 
thermo-electric, galvano-magnetic, and thermo-magnetic effects* He has 
added an important subsidiary chapter on electric^ conductivily at very 
low temperatures. Incidentally, von Laue also contributes a short mcriptioa 
of the Compton Effect. 

L. Vegard contributes a full account of Aurora phenomena apd the 
hypothesis of cosmic radiation on which they axe explamed, together with h 
desertotion of laborat<»ry experiments which support this eaplanatkm* 
inclaakg an Account of his researches on the spectrum emitted when solid 
nitxogen is b^barded by electrons. 

Ihe the<^y of the electric and magnetic pre^erties of moleculel Is 
naturally most My given by P. Debye, aid the thim chapter of bis copMi* 
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iNtticm^ on tho molecular theories of magnetisation, is particularly <£8tin- 
fuished for its wide range and clearness. It forms a very complete guide 
to ihe large amount of experimental and theoretical work in a branch of 
]^ysics which presents much difficulty to students, and in which, moreover, 
many physicists confidently expect to see the solution of a large number of 
problems of atomic structure. 

This final volume of the Handbuch der Radiologic may fittingly be described 
as a great and lasting work, and will form an important book of reference 
both for mathematical and experimental physicists. 

L. F. Bates. 

k l!reatiae on light. By R. A. Houstoun, M.A., Ph.D., D.Sc. [Fourth 
edition. Pp. xi + 486, with 334 diagrams and two coloured plates.] 
(London: Longmans, Green & Co., 1925. Price 125. 6 d. net.) 

When Dr. Houstoun's book was first reviewed in Science Progress in 
1916, the hope was expressed tliat this admirable treatise would speedily 
find its way into the hands of the students at our universities. Since four 
editions and one reprint have been called for within ten years, that hope has 
certainly been realised. The changes to record in this edition, as distinct 
from the third edition, are only slight; some few pages of the chapter on 
spectroscopy have been rewritten and minor improvements made elsewhere 
throughout the book. We again wish it every success. 


The Speotrosoopy of Z*Rayg. By Mannb Sibgbahn. Translated, with the 
author's additions, by George A. Lindsay. [Pp. xii + 287.] 
(London: Oxford University Press, 1925. Price 20s. net.) 

Wren the Braggs first demonstrated the now well*known structure of the 
common alkali halides, they may be said to have killed two birds with one 
stone—one, the difficulty of getting at the ultimate details of crystalline 
form; the other, the difficulty of the true nature of X-rays. The metaphor 
Is a thoroughly bad one, for what actually happened was that one bird was 
play^ ofi against the other. Crystals gave away the undulato^ nature 
of X-rays together with absolute values of wave-lengths, while A-rays in 
turn revealed the secrets of their betrayers and showed how they are the 
most orderly systems of particles that the heart could wish.—But that comes 
oi two opponents being veiy much of the same sise. 

It is remarkable how simple was the solution of these two problems, so 
simple, indeed, that the consequent advances in atomic physics have been 
truly prodigious. The subject almost immediately commanded universal 
attention. It grew rapidly out of hand and specialisation became essential. 
The result was two subdivisions, each of paramount importance for physical 
tESearch----cry8tal>analy8i8 and X-ray spectroscopy. The crystal-analyst uses 
X-rays to determine crystal-structure; the X-ray spectroscopist uses crystals 
to analyse X-rays, That the conclusions in both branches are now, after 
only thirteen years, striking and far-reaching is apparent at once from the 
large series of works available. We have recently made acquaintance with 
tome very able and exhaustive works on crystal-analysis, and a corresponding 
Oroduction was demanded of X-ray spectroscopy. We have it now in Ptof. 
Sktgbadm's The Spectroscopy of X-Ruys, 

This book, now issued by the Oxford University Press as an Englfidi 
translation of the German edition of 1923, is the work of an expert in his 
subject. Siagbahn's laboratory at Upsala has a world-wide reputatiou tor 
painstaking and accurate research m the measurement of X-ray ways- 
and the first part of bis book is very properly devoted to a dei^ptiw 
tbs apparatus and technique which hd has made bis special study. 
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book, on the vrhdh, is intsndod for the specialist, but this intention of the 
author is more particularly evident in his first chapters. There is a maltb 
of drawings and photographs of apparatus which one with no previous 
acquaintance with the subject might find difficult to unravel. Of course, 
there is the other extreme, where every single screw is labelled and described, 
but perhaps just a little bit more of explanation would not be out of place 
with some of the diagrams of this book. However, the author will reiulily 
be forgiven for his reluctance to convert his treatise into a physical catalogue, 
especially since a real knowledge of apparatus comes only from diligent use 
of the same. The general standard of excellence of the work is so l:^h that 
we think it would be difficult to find any other fault with it—^if the point 
mentioned can really be described as a fault. 

The Spectroscopy of X-Rays should be in the hands of all whose work 
involves ^e use or a Imowledge of X-rays. It is an indispensable handbook 
with a note of authority. Only one-third (some eighty pages) is spared for 
the discussion of apparatus and technique. The rest bears us pleasantly 
through a fascinating study of the results: emission spectra, absorption 
spectra, the systematic arrangement and theory of spectra, the continuous 
spectrum, and, finally, miscellaneous methods of arriving at thq,inner energy 
levels of the atoms. The author has gauged his treatment of all thm 
branches to a nicety. He has endeavoured to introduce, and has succeeded in 
introducing, without making the book at all stodgy, all results and suggestions 
which appear to throw light on the problems of X-ray spectra. He has 
given just enough mathematical treatment to prevent the book becoming 
difficult to read, so that at the end one closes it with the thought: How 
delightfully simple X-ray spectra are after all 1'' The author is keen, 
wherever possible, on letting one know just what are the latest developments 
of the subject; for instance, the important discovery of Lindh that the 
X*ray absorption spectrum of an element varies greatly according to its 
chemical state in the compound investigated.'' Throughout, the argument 
is illustrated and borne out by numerous diagrams and tables. The tables, 
in particular, must be emphasised. There are no fewer than fifty-one in the 
text and six in the appendix. They and the bibliography will delight the 
heart of the spectroscopist, especially the last table of all, which gives the 
principal X-ray spectral lines of the elements arranged in order of their 
wave-lengths. Ir^of. Siegbahn uses his own nomenclature for these, U>t 
reasons which most people will grant to be sound. 

The translator, Prof. Lmdsay, of Michigan, and Oxford University 
Press are to be congratulated on the production of a really pleasing English 
edition of an outstanding work* W. T. Astbukv. 

Lb pfittoipB da Symdtiia et ms AinpUoittonf* Par F. M, ^Jabgbiu Xraduit 
de I'anglais par P. G:^kai.d et J. Cuevribr. [Pp. xv 4x7.] (Paris: 
Gauthier-Viliars et Cie, X925. Price 55 fra.) 

Prof. Moukku, in his admirable introduction to this first French edition 
of The Frtnctpie of Symmetry, says: " Peu connu chex nous, le txaitfi 
de M. Jaeger tient une place fort honorable, par contre, dans b^ucoup da 
bibliotheques et de laboratoires strangers. ..." There is little need to say 
more than this here, for it is eminently true that Prof. Js^er's master** 
piece does hold an honourable place in English scientific libraries. It ii 
far too well known among crystallographers and chemists alike to require 
any " rechauh^ " treatment in this review. Chemists are usually tmm 
nervous of tackling a treatise on crystallography, but they seem to have 
taken to Jaeger's l^k. The author is distinguished equally as a chemiit 
and as a ciystallographer, and he has succeeded in striking a note olbattWfay 
between two sisters who ate struggling for comradeship and eriho iao# 
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inevitably, sooner or later, join fcn'ces and work in permanent co-operation. 
It will be a happy day when all chemists receive a thorough ground!^ in the 
lessons ol crys^lography and all crystallographers are alive to the needs 
and problems of chemist^. It is no mean accomplishment on the part of 
Prof. Jaeger to have brought out so clearly that important point which, 
in the past, the chemist has been somewhat apt to lose behind the gigantic 
hgure of the asymmetric carbon atom—that the true criterion for non- 
•uperposability is not merely the absence of a plane or of a centre of symmetry, 
but of all second-order symmetry elements. 

The Principle of Symmetry belongs to that fascinating class of books 
which one never feels to be “ studying," but just " reading." It treats of 
symmetry in general, of the animal, vegetable, and inanimate kingdoms, in 
a way that anyone who has considered the beauty of the Universe must find 
irresistible. It is the last part of the book that appeals particularly to 
chemists. Prof. Jaeger is in his element when talking of that noble 
harvest which has sprung from the seed of the immortal Pasteur. 

W. T. Astbuky. 

Eleeiriotty and the Structure of Matter. By L. Southerns. [Pp. 128, 
with 33 figures.] The World*s Manuals. (London : Oxford Univer¬ 
sity 6:ess, 1925. Price 2s. 6d. net.) 

A PLEASANT little book, intended for the consumption of non-scientific 
readers who feel the need for a certain amount of enlightenment with regard 
to those terrible twin mysteries, electricity and the atom. A few such chatty 
little expositions of modem scientific ideas should go far to clear up the 
confusion so widely spread by prevailing journalistic nonsense. There are 
still too many people about who think ^at the essence of electrical science 
lies in the twiddling of knobs and the closing of switches. We were recently 
informed very seriously by a wireless " fan " that the " ohm " was a measure 
of sound I If only to clarify this gentleman's notions, we would recommend 
to the author a revision of the following (p. 29): " A simple relation existing 
between these quantities (current, electromotive force, and resistance) was 
discovered by G. S, Ohm (1787-1854), Professor at Munich, and stated in 
1827 in the celebrated law which be^ his name. The law states that the 
electromotive force which drives a current through a conductor of given 
resistance is equal to the current multiplied by the resistance." 

It is gratifying to notice the homage paid by the author to the pioneers 
of electrical and atomic theory. All the credit nowadays goes to those whose 
business is the commercial aggrandisement of principles won by men whose 
names and struggles are comparatively unknown to the mass of the reading 
public. Electricity, and the Structure of Matter endeavours to give honour 
where honour is due, and to emphasise these same principles rather than 
their technical and commercial aspects. In the theory of compound forma¬ 
tion (p. 1x6), fairness demands the inclusion of the names of G. N. Lewis 
and W. Kossel. 

Figs. 6 and 8 (on electrolysis, p. 20) appear to need interchanging. The 
general impression of the book is one of clearness and simplicity md out to 
the best advantage by the usual fine workmanship of the Oxford Press. 

W. T. Astbury. 

l^od do Ohemle Badioakttniidh UMk. (An Introduction to the Ohenilitty 
ol Bidio«aott?e Substences.) By A. S. Russell, M.A., D.Sc., trans¬ 
lated into Czech by Da. A. Sxmsx, Professor of Physical Chemistry 
at the Masaryk University, Brno. [Pp. x + xx6.] (Brno : Nakladatel 
A. Piia, X925. Price 20 Czech crowns.) 

It 1$ perhaps remarkable that, although the radium mines of Jadxymov 
Joftcbixnsthal) are situated in Czecho-SlovaUa, the Czech ianguaj|;e doff 
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not possess a treatise dealing with radio-activity, and Prof. Simok is 
to bo congratulated upon giving his countrymen this translation of Prof* 
Russell's Introduction to the Chemistry of Rcidio^ctive Substances, pubbshod 
by John Murray, 

In the preface Prof. §imek states his reasons for selecting this 
particular work for the benefit of his students. He points out that Mme. 
Curio's comprehensive treatise Traits de Radio-activiti appeared as long ago 
as 19x0, whereas Prof. Russell's, which appeared in 1922, includes late 
work and contains more mature views regarding the many phenomena 
associated with radio-*active changes. 

The book commences with an introduction on the minerals containing 
uranium and thorium and an outline of the historical development of the 
subject. The Rutherford-Soddy disintegration theory, atomic numbers, 
modem views concerning the structure of the atom, isotopes, and the t3rpe8 
of radio-active change are all described as in the original. The following 
chapters give an account of the analytical chemistry of uranium and thorium, 
and the last two chapters are devoted to the methods of isolating tiie radio 
elements, their use as extremely sensitive indicators, and their detection in 
minute quantities. 

Since Prof. RusseU's book appeared, additions have been made to the 
knowledge of radio-activity, especially on the physical side, but these have 
scarcely necessitated any deviation from the original text during the transla¬ 
tion. The recommendations of the International Commission for Atoms and 
Atomic Weights (1923) regarding the terms and symbols of the radio-active 
constants have been followed. 

The translation should prove as useful to Czech students as the original 
has been for the English-reading ones. J. G. F. Drucb. 

OBOLOOT 

Useful Aspects of Geology. By S. J. Shand, D.Sc., Ph.D., F.G.S. (Pp. 

X + 191 » with 23 figures.] (T. Murby & Co., 1925. Price 7^. 6rf. net.) 
This little book, according to Prof. Shand's preface, is *' ofiered to the large 
class of people who have never picked up any systematic knowled^ of 
geology, and who are interested, whether as landowners, shareholders, 
prospectors, engineers, builders, miners, farmers, or perhaps, just as lookers- 
on, m one or other of the many undertakings that depend for their success 
on the application of geology." The Scylla and Charybdis of this kind of 
effort are, as Prof. Shand says, the danger of making the subject so difficult 
as to scare the reader, and of making the presentation in such simple terms 
as to have no real educative value at all. We think that Prof. Shand has 
successfully steered a middle course, and that, if the classes of readers 
mentioned above do pmise his book with ordinary attention, they will arise 
with a very fair grasp of the subject. 

The book includes chapters on geological age and structure; the eruptive 
rocks and mineral deposits connected with them; weathering, soil, sediments, 
and sedimentary rocks; the metamorphic rocks; building materials, water¬ 
finding, oil geology, and some engineering problems. The writing is Very 
clear and simple, and the mode of presentation will suit the public the 
book is designed to reach. The table on p. 38 may perhaps the 

uninstructed reader in view of what follows in the next chapter; and the 
statement that the diamond still furnishes the only example of a payable 
dissemination in an eruptive rock (p. 73) is incorrect, for the dissetninated 
copper ores in certain eruptive rocks of Western America are certainly paying 
propositions. 

This boo^ is excellently done, and will do much to poputsrise geology 
amongst those people to whom the science is of business or proAsstotiaf iotes^ 

G« W. 1/ ' ' 
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Ooil and OivOtiattoii> By £. C. Jeffrey, Ph.D., S.D., LL.D. [Pjp. 
Evi *f X78, with 44 figures and z plate.] (New York : The Macmillaii 
Co., 1925.) 

This book combines two very different aims. It directs the general reader 
to coal, with its products and their uses, as the basis of our civilisation ; and 
it presents a simply-written account of the composition, structure, and ohrin 
of carbonaceous rocks. The author's view is that abundance of coal, with 
its concomitant of easy iron smelting, lies at the foundation of modern life. 
He thinks that the supplies of oil and natural gas are too ephemeral and 
uncertain to have much effect on the general economic situation, and it is 
therefore unwise of nations to risk war for the sake of oilfields. 

In regard to the origin of coal, Jeffrey holds that the great mass of coals 
have essentially the same mixed composition, and differ from one ano^er 
merely in their varying proportions of modified wood, burned wood, spores, 
and dark, structureless matrix. He lays great stress on the preservative 
action of water and of fire (charring) on vegetable matter, and its disintegra¬ 
tion to a structureless mass when exposed to the atmosphere and biochemical 
processes of decay. The theory of the detrital origin of coal thus finds in this 
author a convinced advocate. 

Jeffrey is, however, scarcely fair to geologists in his strictures on their 
theories of the origin of coals. He states that the fundamental problem of 
the composition and structure of coal is one quite beyond the usual geological 
methods, and that the palseobotanist is best able to illuminate this dark 
subject. This may be; but the study of its paragenesis is surely essential 
to the right understanding of the problem of the origin and modes of accumula¬ 
tion of coal, and this is where the geologist comes in. The decisive rejection 
of the theory of the algal origin of bogheads, torbanites, certain cannels, 
etc., in this book, shows that the palaeobotanical method is not infallible: 
for it has been recently shown that oil-rich algae do exist, and that their 
dried and hardened remains make up an organic mineral (coroongite), the 
structure and composition of which is identical with that of many boghead 
coals. 

Notwithstanding its rather confident assumptions and pronounced 
advocacy, this book stands out as one of the best statements we have on 
the present position of theories of coal origins, and on the economics of the 
riva&y of coal and oil. 

G. W. T. 

BOTjjrr 

A tetbook ol Omoril Botiay. By Prof. W. H. Brown. [Pp. xi -h 484, 
with 518 figures.] (London: Ginn Sc Co., 1925. Price 13s. 6rf. net.) 

It is refreshing to find a textbook of Botany in which the author has departed 
from the hackneyed material upon which most figures are based. Most of 
the plants employed for illustrative purposes in these pages are such as occur 
in the Philippe Islands, of the University of which the author is Professor 
of Botany. The illustrations are both clear and well chosen, but, unfortu¬ 
nately, their utility is considerably depreciated by the infrequency of anno¬ 
tated lettering. 

The text is clear and generalised in character, in parts perhaps somewhat 
curs<^, and deals in turn with the various organs of the plant, their morpho¬ 
logy, structure, and ph3r8iology; a blending of the various aspects of the 
subject which adds both to the interest and educational utility of the text. 
Eai^ chapter is subdivided into headed paragraphs, which arrangenmt, 
ttough facilitating reference, results in a somewhat staccato treatment, 

Tm concluding third of the book is occupied with a consideratipn of the 
plant groups, which are treated from the general viewpoint rather thsn 
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from that of tMurticnlat types* There are also short chapters oa Plant 
Geomphy and Heredity. 

The ground covered is that of an elementary oour8e» but the emphasis 
On the various aspects of the subject differs slightly from that found in most 
European textbooks* £. J. S* 

The Vagetatton of Burma from an Eodogieal Standpoint. By L. Dudley 
Stamp. B.A., D.Sc. (Lend.). A.K.C., F.G.S., I.E.S. [Pp. vi + 58. 
with 41 illustrations.] (Calcutta: Thacker. Spink & Co.. 1925. 
Price Rs. 7.) 

The study of vegetation in the different regions of the earth is regarded as 
a matter of such importance that a work dealing with so interesting a country 
as Burma must command Special attention. 

The vegetation of Burma has already been described in greater or less 
detail in numerous publications. Kurz’s Preliminary Report on the Foresie 
and Vegetation of Pegu, published in 1873, dealt with a limited portion of 
what is now comprised in the Province of Burma. Since Kurz’s day descrip¬ 
tions of the vegetation of particular tracts have appeared at various times 
and in different publications, and in particular the numerous working plans 
prepared by officers of the Forest Service contain a vast amount of descriptive 
detail. The author has availed himself of data obtained from these different 
sources* which he has supplemented from personal observations during tours 
made in various parts of the country from 1922 to 1924. The result is a 
work which, though by no means exhaustive, gives an outline of the vegeta¬ 
tion of the country which is designed to serve as a basis for future ecological 
work* 

Dealing with the effect of elevation, the author notes that there is a 
marked change in the vegetation on reaching the 3.ooo-foot contour line, 
above which the frost-tender trees of the lower levels give place to oaks, 
castanopsis. pines, and other trees of the mountain forests. 

The typically monsoon climate of Burma is characterised by a rainy 
season from June to September or October. The author follows previous 
writers in recognising two rainfall lines of paramount importance ; one. the 
40-inch line, separates the scrub and thorn forests of the dry zone of central 
Burma from the economically important monsoon forests in which most of 
the trees lose their leaves in the dry season; the other, the 80-inch line, which 
is perhaps less well marked, separates the mozisoon from the tropical evergreen 
forests. 

As might be expected in a book written by a geologist, the importance 
of geology and the resultant soils as the controlling factor in the local dis¬ 
tribution of forest types is fully recognised; the relation between geology 
and vegetation is dealt with in a lucid and well-reasoned manner, and is weU 
illustrated by a series of sketch maps. 

The bulk of the book is taken up with a description of the various t3rpes 
of vegetation, for which purpose a provisional classification is put forward 
in which thirty-five different types are recognised, these being grouped into 
three main he^: (i) Mountain vegetation (above 3.000 feet); (2) lowland 
vegetation (below 3.000 feet); (3) serai communities. i,e, types which have 
not reached the natural climatic climax for the locality in which they occur. 
Doubtless the jproposed classification will be found capable of medication 
as the vegetation of Burma comes to be studied in greater detail and ths 
important questions of succession and the action of man are more fully taken 
into account. Bracken brake and bamboo brake, for example, are due to 
a very considerable extent to the effect of temporary forest clearings. iC 
types described will be readily recognised by anyone acquainted with Buttna. 
and many of ihem conform to the types described by Kurz and oCr 
writers. 
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The book, which is well illustrated with photographs^ sketch maps, and 
■actional drawings, may be commended to those who are interested in vegeta* 
tion study, and will be found to be a useful guide to those who contemplate 
ecological studies in Burma, R. S. Troup. 

Oenetlcs in Plant and Animal Improvement. By D. F. Jonbs. [Pp. 

viii 4-568, with 229 figures.] (New York: John Wiley A Sons; 

London: Chapman & Hall, 1925. Price 20s. net.) 

The rapid advance in the science of genetics has led to such an overwhelming 
flood of literature on the subject that the agricultural student and general 
reader are rather in the unfortunate position of being unable to see the 
wood for the trees, a fact which renders the appearance of this volume most 
opportune. It is intended primarily as a textbook for the first course in 
genetics, and succeeds admirably in drawing a clear outline of the present 
position of the science, with indications of the various conflicting theories 
and of the application of genetical methods to the problems of plant and 
animal improvement. Of necessity much important work is omitted, but 
enough is included to bring out clearly the close association between theory 
and practice. 

Ibe earlier chapters are devoted to a reasoned argument of the benefit 
that may accrue from the application of genetics to agriculture and to a com¬ 
parison of the relative importance of inheritance, environment, and training. 
Following on an exposition of the fact that greater variability is induct 
by sexual reproduction than by asexual methods, the cytological aspects of 
inheritance are discussed and the value of niendelism to the plant and animal 
breeder is strongly upheld. The question of linkage is explained in some 
detail and well illustrated, different theories of sex determination are examined, 
and variations due to modifications, combinations, and mutations are 
described. A most useful chapter deals with the statistical measures of 
variation and correlation, general formulae and short methods being set out 
and illustrated by examples, and the appropriate application of the different 
methods and formulae being indicated. A considerable amount of space 
is devoted to the question of inbreeding, the author's ultimate conclusion 
being that close mating in itself is not injurious, but that “ the only injury 
whidi may proceed from inbreeding comes from the inheritance received.** 
He claims that inbreeding can be used to purify a cross-bred stock of 
undesirable characters, and the resulting loss of vigour be remedied later 
by suitable crossing. If this improvement can be fixed, then ** inbreeding 
is not only not injurious, but is highly beneficial and should be given its 
rightful valuation as an actual means of plant and animal improvement.** 
After a consideration of the problem of sterility the deduction is made that 
rigid inbreeding is the only certain cure for sterility due to impotence, but 
that this method is doomed to failure where sterility is due to incompatibility. 
The last two chapters deal with practical methods utilised in plant and animal 
improvement, and are intended to provide an introduction to more compre¬ 
hensive textbooks on the subject. A glossary, bibliography, and index round 
ofi a volume that should prove as valuable to workers in this country as in 
Amei^. W. £. Brehchlsy. 


BOO&OOT 

Ivoihlttoii in tha Light of Hodem Knowledge. A Collective Work. 
pPp, xiv + 528 (including index), with 4 plates.] (London: Blaclde A 
Son, X925. Price 2x5.) 

C0KTBKT8 AND Contributors.— Chapter x : ** Cosmogony,** by Jamee 
H. Jeans, M.A., D.Sc., F.R.S. Chapter 2 : ** The Evolution of the Ei^th as 
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m Planet*^' by Harold Je£boya« M,Am D.Se« Chapter 3: ** Gootogy/^ by 
William W. Watts. Sc.D., F«£s. ChaDter4: ** Bfolon/'by Co&wy Uo^ 
Morgan. D.Sc.. F*R.S. Chapter 5: ^ Botany.'* by Frederick 0 . Bower* 
Sc.D.. D.Sc.. F.R.S. Chapter 6 : ** Zoology.** by Ernest W. MacBride. M.A.* 
D.Sc.. F.R.S. Chapter 7: ** Physiology,** by Marcus S. Pembrey, M«A«* 
M.D.. F.R.S. Chapter 8 : ** Anthropology.** by G. Elliot-Smith. M.A., M.D.. 
F.R.S. Chapter 9: ** Mental Evolution.** by William M'Dougall. M.B.* 
F.R.S. Chapter 10 : Physics and Chemistry,'* by Frederick S<^dy, M.A«, 
F.R.S. Chwter xi: ** Time and Space,** by Alfr^ A. Robb, Sc.D., D.Sc.. 
Ph.D., F.R.S. Chafer 12 : ** Philosophy,*’ by A. E. Taylor, M.A., D.Litt* 
Chapter 13 : '* The Religious Effect of the Idea of Evolution.** by the Rev. 
James Maurice Wilson, D.D.. F.G.S. 

Two years ago the reviewer, then in stalu pupillari, was spending some 
of his leisure in reading the works of Charles Darwin, Herbert Spencer, T. H. 
Huxley, Laplace, Norman Lockyer and other pioneer writers on the subject 
of evolution ; he soon realised, from his specialist knowledge of one section 
of biology, that at least some important changes in the general outlook 
bad occurred since the time of the Victorian masters. This realisation was 
to him, as it must be to many others, disturbing, for evidently no statement 
or formula made by these older masters could be, with certainty, taken 
as generally or even partially acceptable to living authorities. But were there 
any authoritative recent statements on these matters in convenient book 
form ? To this question, a widely read and friendly senior could not, in 1923. 
dehnitely give an affirmative reply; as a result of this question, Blaclde & 
Son, Ltd., have published the book under review, aiid they deserve the 
thanks of all, young or old. clerics or laymen, men of science or otherwise, 
who believe, with (^non Wilson, that “ evolution is now no longer a mere 
theory which those who deal with eternal truths can ignore as destined to 
pass away.** We have now a volume which, first, will help us to read the old 
masters with discrimination as well as delight; second, will condense the difhxse 
information which many of us acquire by desultory reading, conversation, 
and attendance at the meetings of learned societies. 

This book might well have been titled, " Genesis as pictured in 1925.** 
Some parts of the story, dealing with recently discovered phenomena md 
lately conceived ideas, are really awe-inspiring ; read: " the writer had 
suggested that the total annihilation of matter would provide a possible and 
adequate sour^ of stellar energy,** and “ as the result of millions of millioni 
of years of emission of radiation, our sun has shrunk to his present moderate 
dimensions. Sometime during this span of . . . years a wandering star 
came so close that our sun, unable to stand the intense tidal forces generated, 
broke into pieces, and out of the debris our earth and moon, as well as all the 
other planets and their satellites, were formed,** and " planetary 83r8tema . . . 
must be fairly freely scattered in space.** These extracts are all from the 
masterly essay on “ Cosmogony,** but other sections are equally productive, 
although, to the non-botanist, the chapter by Prof. Bower may present 
nomenclature difficulties; and certainly the reviewer does not presume 
to understand ” the essay on ** Time and Space,** in its entirety, but notes 
with relief that there is ** no incompatibili^ between the views which we 
have here expressed as to the nature of time and space on the one hand, and 
the view of evolution as being a real development on the other.** 

We know that these statements are, in this book, made by authoritifls 
who have given many years of their lives to the critical thought and eiqpexi* 
mentation on the subject-matter in their chapters. So the educated reader, 
will feel a sense of satisfaction in reading this version cl Genesis, in wht^: 
apparently, there is already a degree of permanency about oertain of thechiuett* 
Read: ** There is no lon^r any doubt that man is descended from aaedes of 
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taChiopdid apes whose Miocene loremimer was also tiie ancestor of tiiS 
goriUa and the chitnpansee. It is also certain that for a vast period of tlme^ 
perhaps even millions of years—men lived upon the earth without attempting 
to devise any of the arts and crafts or customs and beliefs that form the 
constituent elements of civilization (Elliott Smith), and, In one case* 
however, we have more positive evidence of the existence of evolution, or, 
already indicated, devolution of the chemical elements than any that has yet 
been obtained for organisms, and that is in the case of the radio-active 
elements ** (Soddy), and: “ the parallel between the evolution of brain and the 
evolution of mental functions seems to be clearly made out, in general terms, 
as a rule without exceptions ** (M*Dougall)» 

Many quotations, from the different essays, might be made to show that a 
new Genesis written in 1926 might be very different from that under review. 
There is, in 1925, an evident tendency for many of the essayists to flirt with 
Prof. Lloyd Morgan^s fascinating ideas on emergent evolution, which he 
outlines in his essay on Biology; but Prof. Lloyd Morgan, very fairly, also 
presents the views of the mechanists, and the Hormists: what will emerge 
from this conflict ? The philosopher warns us that science can never reach 
finality in its hypothetical explanations. So far as it (Science), can be said 
to achieve finality at all, it achieves it in its denials, not in its affirmations. 
Thus, we may regard the work of Darwin as final on its negative side. It 
definitely negatives the conception of ' kinds' as constants fixed once and 
for all. On the positive side Darwin*s, or any other, hypothesis about the 
precise factors which determine the origination of a * kind,’ and their 
relative importance, is always open to revision ” (Taylor). 

I desire particularly to mention the essay by Canon Wilson of Worcester; 
who in November 1859, when Darwin's Origin of Species was first published, 
was already the science master at Rugby School. In this charming and help* 
ful essay he tells us of the development of his personal religion from the days 
when Darwin seemed to have almost dispensed with a Creator, or, at least, 
thrown Him back into the infinite past.” Here is a diary of a mind during a 
transition period in the history of Christianity. How many of our graduates, 
fresh from biological schools, still suffer from mental conflict of the same order 
as that which t^ essay records ? Here, there is sympathy with and assist* 
ance lor them. 

The Young Frxend. 

CkmOMiiiig Bvohxtion, By J. Arthur Thomson, M.A., LL.D, [Pp. xi 4 * 241, 
with 25 figures.] (Oxford: at the University Press. Price ii$» 6d, 
net.) 

Tkxs very readable book is'based on a series of lectures delivered at Yale 
University in 1924. It is an excellent r68um6 of modem views of evolution 
in all its bearings. It is written in a clear and simple style that makes it 
quite understandable of non-biological readers, llie writer, moreover, 
^es up a very sane attitude to the relation of modem biological science 
to reli^iion. He states as the general idea of evolution that the present is 
the duld of the past and the parent of the future. The underlying sense of 
mor«d responsibility thus disclosed is fundamentsdly altruistic in its highest 
sense, and affords a sound biological basis to the highest form of reli^on. 
Dr. Thomson considers it an impiety and a denial of our birthright as inquiring 
minds to be satisfied with the transcendental answer to the inquiry as to the 
source of the immense world of living creatures that it has all come by the 
Will of the Creator.” The more thoroughly we can answer the sdentifle 
question, the more truth we shall see in the religious interpretation. On 
edentifio side, Dr. Thomson stresses the idea of emergent evolution, meaning 
by smergenoe a genuine novelty and not a mere additive result. AU the 
ptKt in evolution have been of this character, quite unpredictable. 
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just as tile properties of water are unpredictable from those of its eofistitueiiti, 
oacygen and hydrogen. Particnlarly does he consider this true of the 
emergence of man from a Simian stock. Altogether the book is worthy bl 
careful study, not only for its wide scope, but also because it is highly stimu* 
lative and provocative of thought. W. C. B. 

Bfohttton, Heredity* and Variation. By D. Ward Cutler, M.A. (Cantab.), 
F.R.S. [Pp. 147, ^th 27 figures.] (London: Christophers, ipss* 
Price 3s.) 

It is difficult to compress within the limits of a 35. volume the essential 
facts of modern ideas on evolution, and it is easy to criticise the omissions. 
We think that this little book, which is intended to be of use to higher forms 
in secondary schools and to give the general reader some notion of the problems 
underl3dng both biology and sociology, will fill a useful place at the present 
time. It contains eleven chapters, each of which is divided into headed 
paragraphs. The first two chapters explain what is meant by evolution, 
and the evidence from various aspects is shown by well-known examples. 
The evolution of the feet and teeth of the horse is taken as a familiar instance 
from palaeontology. At the present day there is so much divergence of 
opinion as to the time taken for the stratified rocks to be deposited, that it 
is hazardous to give even an approximate age for the geological eras; the 
most recent calculations, based on radio-activity, would make the respective 
number of years about twenty times greater than that quoted on p. 17. 
Although the available space is limited, some indication might have becm 
given of the extent of recent discoveries of fossil man. The conception of 
parallel lines of evolution or orthogenesis might also have received some 
mention from both geological and anatomical sides. 

Two chapters are devoted to early ideas of evolution and to a more 
detailed account of the theory of Darwin and Wallace in particular. The 
lucid explanation of Mendelian Inheritance is admirable. The simple 
structure of the cell is described, and the process of cell division demonstrates 
the part played by the chromosomes in heredity; the importance of the cyto* 
plasm in this connection is not forgotten. Then follows a most interesting 
summary of the main problems of the inheritance of sex. It is disconcerting 
for the uninitiated to come across the word mutation (p. 102) fifteen jpages 
before the definition of the term on p. X17. A somewhat similar criticism 
might be made with reference to the name of Pfoteu&, which is brought in 
on P* 1x3* ^ name which is quite unknown to the ordinary reader. 

Afferent t3rpe8 of variation are outlined and their efiect on evolution 
shown, and in a short chapter is given an epitome of statistical methods of 
heredity. In summing up, the author makes no allusion to the fact that 
much of the experimental evidence—for example, the breeding of Drosophila-^ 
is carried out under necessarily artificial conditions, and cannot, Hereford, 
be relied upon to show us the exact conditions occurring in nature. 

This book, which is written in clear and simple language throughout, is 
a most successful introduction to the present position of recent research on 
evolution, heredity, and variation. £. A. F. 

XBBZcxans 

HsaKh and Environment. By Leonard Hill, M.B., F.R.S., and Anoytt 
Campbell, M.D., D.Sc. [Pp. 208 4- x, with 7 plates and a dbaxt.] 
(London: Edward Arnold d: Co., 1925. Price xas. fid. net.) 

Tfits authors are to be congratulated on the manner in which they bewe 
embodied in one volume the m ai n results and substance ol their rq^orts on 
** The Science of Ventilation axid Open-air Treatment'* end Thfi lEhth** 
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Uiermometer in Studies of Body-heat and Efficiency/' The book deserves 
to be widely read by all who are interested in the improvement of national 
health. As the authors say in their preface, it is nudk information as they 
have brought together, which means so much to the welfare of those at work 
in factories, etc., that is seldom or never met with outside medical journals 
or offikual reports. The chapter on ventilation is particularly good, and 
the uses of the kata-thermometer are clearly explained. As the authors 
advise, whatever means of ventilation are provided, it should be someone's 
special duty to attend to the same. Under no circumstances should the old 
bronchitic male or weak anaemic girl, both with a horror of fresh air, dominate 
the ventilation and heating arrangements for a hundred or so healthy persons, 
as is unfortunately only too often the case. One has only to pass the dwellings 
of the poor in the autumn or winter and see every window in their houses 
tightly closed, and when it is remembered that several families are living 
crowded together with several human beings in each room, it is not difficult 
to imagine how easily infectious diseases can be disseminated. The question 
of ventilation in factories, cinemas, and other places where people congregate 
is so important that no building which is designed to accommodate large 
numbers of people should be allowed to be erect^ before it has been prov^ 
to be efficiently ventilated. These are the places, particularly in the winter 
months, where colds, coughs, influenza, and respiratory diseases are dis¬ 
seminated. They are usually over-heated, and when it is found necessary 
to cool them, blasts of cold air are driven in at the body level instead of high 
up, well above tlic head level. 

The reviewer has proved in his own household by keeping windows and 
doors in all bedrooms open winter and summer that all the members are not 
only^er from colds and coughs, but that their general health is much better. 

^e circulation of fresh air is essential to go^ health, and even the baby 
of a few months is the better for it, but nurses and others who have for 
years been accustomed to sleep in rooms with windows tightly closed at night 
do not And it easy to overcome their bad habits or prejudices. 

The kata-thermometer is the instrument now used for detecting any 
error of ventilation in enclosed spaces. Since its introduction much has 
been done, but still more can unquestionably be done, to improve the air 
circulation in factories, laundries, and mines, resulting in the marked improve¬ 
ment of the health of the workers. Education has done more perhaps than 
any other factor in lowering the infant mortality in urban districts. It 
Should be conducted by dnemas and well-illustrated lectures. The great 
advantage of open spaces, sunlight, less crowding, particularly in the case 
of the cl^dren, and cleanliness should be taught. 

We have learnt much fron:^ heliotherapy of recent years. Not the least 
remarkable phenomenon is the manner in which young subjects can stand 
high altitudes without a shiver, when exposed to the sun's tays, which by 
slow eim^ures increase the pigment and thereby do away with the nedsssify 
fbr dotning—this even when they are the subjects of surgical tuberculosis 
and are fixed in their beds in splints. The authors give some interesting 
I^otOmphs, which tell their own story. In this countty, unfortunately, it ii 
difficult to find any locality where there is suffident sunshine, as in the Swiss 
Alps, to benefit the young sufferers, and the sun has largely to be replaced 
by arc-lamps. Over-exposure is dangerous, and sunburn has to be carefuUv 
avoklad. Treatment by heliotherapy has been found to be of little avaU 
unless the patient's mind is occupied by congenial employment. 

It is not possible in a short review to touch on all the important subjects 
dealt vnVa by the authors in this admirable little book, which should certain^ 
be read and re-read by all school teachers and others responsible lor the health 
of those ufider their care. 

R. £. Draxx-Bsocxma^. 
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Uftof ud hif AehtoftPMPi By Sir Wh. Watsom Crrymr, Bt» CP|p« 
136.] (London: Longmans^ Green & Co., 1925. Price 71. net.) 

Thr first Lister Memorial Lecture delivered at the Royal College of Surgeons 
of England takes up the first thirty-eight pages of this book, while the 
remainder consists of the Appendix, in wldch the author gives a more detailed 
account of the progress of Lister’s work and his investigations, together with 
smne of the author’s own views on antisepsis. 

It matters little, except from a historical point of view, who actually 
was the first to perform or resuscitate any particular operation—the great 
fact remains that Lister was the master-mind that made all operations 
possible and rendered them less dangerous. Henceforward, surgeons became 
bolder and prognosis became brighter. Any anecdotes of Lister will always 
be welcome from any of the fast-disappearing band of pupils who followed 
him through his wards and were eye-witnesses of his wonderful work during 
his earlier struggles, and later, when he was at the zenith of his fame and his 
name was a household word throughout the civilised world. Of Lister's early 
assistants only two. Sir Hector Cameron and the author, are still with us. 

A good deal of the Appendix is mere repetition of what has been said in 
the Lecture, and might well have been left out. However, surgeons of to-day 
and to-morrow will be grateful to the distinguished author for his valuable 
addition to our knowledge of the father of modern surgery. 

R. £. Drakb-Brocxman. 

Thu Bacteriology of Food. By Cuthbbrt Duxes, M.D., M.Sc., D.P.H. 
[Pp. X ^ xSo.] (London: H. K. Lewis & Co., 1925. Price 7s. 6d« 
net.) 

There are few branches of biology that concern so many departments of 
human interest as the study of bacteria. In its earlier development, bacterio¬ 
logy was almost a branch of pathology, since the micro-organisms producing 
human disease engaged the lion's share of attention. A specialised technique 
for investigating the problems presented by pathogenic bacteria was con¬ 
sequently developed. More recently the study of micro-organisms has been 
greatly widened by the recognition of their importance in such fields as soil 
fertility, plant diseases, dairying, water hygiene, sewage purification, and in 
coxmection with certain industrial processes. At first it was natural that 
the specialised technique already developed for the study of pathogenic 
forms should be applied in these new fields of investigation. Soon, however, 
the need for new methods of research especially suited to each new subject 
were found to be necessary, so that there have now arisen new branches of 
bacteriology each with its own methods of investigation. This is well 
illustrated by Dr. Cuthbert Duke's book, which gives an admirably lucid 
account of the relation of bacteriology to food and food hygiene. His subject 
covers the bacteriology of water supply, of milk, butter, cheese, and other 
milk products, and of food preserved by cold storage, " canning," and fermen¬ 
tation. The general scheme followed in the treatment of each subject is to 
describe first the sources of infection and the general types of micro-organisms 
occurring in each type of food, and then to discuss the technique used in their 
investigation and the methods employed in practice to control the bacterial 
popularion and to eliminate pathogenic forms. 

In forms of food, such as fresh milk, complete sterility is not ptac^ 
ticable. Ine problem is rather to control the total numbers of organisms 
present and the relative number of harmful forms. In bacteriologlw tests 
of food purity, therefore, quantitative methods assume a vital importahoe. 
Estimate of bacterial numbers axe usually based on counts of the ooloniei 
developing on agar or gelatine platings, made from a diluted el 

the food. To adhieve accurate results by this technique, a number ol paraUdl 
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platings of each dilution are necessary to reduce the error due to the random 
distribution of bacteria in the suspension* and often increased by interference 
between colonies on the plates. The standard plating technique described 
in this book shows that the need for this is not generally recognised* even 
though this need has been demonstrated by statistical work on soil bacteria 
and by such work as that of Breed and Stocking on counts of bacteria in 
milk. 

Dr. Dukes gives excellent advice as to methods by which cleaner milk may 
be produced. In this connection the importance of cleanliness in the cooling 
machine should be emphasised, and the growing importance of the tuberculin 
testing of cattle justifies a reference, in the next edition, to the recent repots 
of the Medical Research Council on the various methods of carrying out this 
test. 

H. G. Thornton. 


Medical Education : A Comparative Stndy. By Abraham Flsxnbr. 

[Pp. xi + 334.] (New York: The Macmillan Co,, 1925. Price $2,50.) 

In this comprehensive survey of medical training Dr. Flexner has presented 
those organisations responsible for educating the medical student with much 
food for thought. After wandering through the mazes of regulations, tradi¬ 
tions, and actual conditions of to-day it would scarcely be surprising if a 
volume of administrative statistics was the sum total of his daily interviews 
and insp^tions. 

This is fortunately not the case. Comparisons of curricula, equipments, 
and costs are bound to be enumerated to a certain extent, but the author 
has set forth with a few basic principles in his mind as to what constitutes 
true education, and in every medical school of Eurojpe and America he has 
verified the presence or absence of these guiding influences. Of details he 
has retained sufi&cient to give the reader a picture of the type of teacher, 
student, equipment, and of end-results of ^e systems organised, namely, 
the doctors trained and research work produced, while allowing for national 
characteristics, which are bound to influence any training centre. It is 
scarcely possible to compare in scientific detail the training, for example, of 
a doctor who is to minister to the far west of America and that of the scholarly 
investigator of Germany or the older British Universities. Dr, Flexner is 
well aware of this, and is content to describe things as they exist, and, not 
without caution, as he might desire them to exist. This renders the book 
useful for the reformer who wants clear information. Apart from description. 
Dr. Flexner unhesitatingly praises the systems which he considers most 
fruitful. He is, for instanqe, emphatic that pathological institutes with 
research facilities should not merely be in the medical school but actually 
attached to every hospital; or, again, he contrasts the London bio-chemical 
and physiological laboratories, where most students can perform experiments 
with sufficient fumbling to learn, with the dull materia medica lectures to 
which some countries submit their students for exercises in memorv. Every 
student can learn more than he can be taught,'* he writes, and surely ml 
would-be crammers and examination fiends should take this ** dictum ** 
to heart. 

Dr. Flexner concludes with a sympathetic chapter on the question of 
costs, with which problem his counl^ are dealing so practically, and are yet 
methodi c al l y encouraging the systems they approve. Every further sti^ 
in outlay must make a fpiod case, though excessive caution may kill. " 
search," he writes, " involves risks and waste." In general, the forward 
^ movement in the financing of medical education and research is to be regarded 
ft a tnmoifh and inspiration. We i^pree, and are gratefuL 

R. VxRionr. 
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Xht oi HkB Htnan Bodf* By Sir Arthur Krith, D.Sc., F<ItS« 

[Second Edition* Pp. xvi 4 - 343, with 47 figoret*] (tendon: 

Williams Sc Norgate, 1923. Price 12s. 6d. net) 

To Sir Arthur Keith we are once more indebted for a new series of stories 
which together niake up the volume The Engines of the Human Body. Here 
the very least of us may read and ponder on some of the marvellous engines 
which are welded together in ** Nature's master contrivance/' For many 
Christmases children and adults alike have been privileged to hear lectures 
at the Royal Institution on the human machines, and to see models and 
imitations of such mechanisms as the leverage of the foot actually working 
before them. Though muscular action is commonly placed in the province 
of anatomy we cannot but feel that distinction between living anatomy 
and physiology no longer exists. When we turn to the description of bone 
development, to Professor Keith's apt comparison of muscles with the engines 
of a motor-cycle—a certain means of attracting small boys as well as title 
inquiring student—to his picture of factories where tissue fuel is prepared, 
or to his analogy between the one-roomed houses of Highland Crofters and 
the animal of low order with little specialisation of its parts, we are delightedly 
and lucidly impressed. The story of Harvey's boyhood questioning, cul¬ 
minating in bis revolutionary discovery of the circulation, is couched in vivid 
and picturesque language; many other historic contributions to our present^ 
day Imowledge are given in stirring fashion. The book is no mere history— 
any medical student on the eve of studying the intricate mechanisms of our 
nervous system would do well to read Keith's description of the body's 
telephone 83r8tem. In the appendixes likewise can bo found most lucid 
summaries of recent researches on the needs of athletes, output of the heart, 
Inreathing, thinking, the mechanism of oxygen supply in view of the Peru 
Sdentihc Expedition hndings, vitamins, the origin of petroleum, and many 
other novel researches, all of which make the volume a real possession and 
stbnulus to thoughtful investigation. 

R. Vbrney. 


Madioal Sdenoei in the German Universities. By Theodor Billroth. 

[Pp, xiii + 292.3 (New York: The Macmillan Co., 1924.) 

Theodor Billroth, pioneer surgeon of Vienna, must be known and revered 
by a generation of medical students throughout Germany and Austria. 
Thanks are due to Mr. Welch for this able translation. The English-speaking 
world of medicine may now peep into the mind of this charming professor, 
and will without fail derive fruidul ideas on the value of different curricula 
lot training and educating the young doctor from it. 

Half a century ago, modem medicine, public health, and social applica¬ 
tions of science were thought of in casual fashion, were dreamed of by a 
few, but were hardly conceived to be practical politics. Billroth's view was 
ahead of his time. He describes his initial struggle as the new professor at 
Vienna as that of an enfant terrible among the senior staff. Mere bio¬ 
graphy this volume is not. We have an accurate and vivid history of the 
growth of various subjects which medical students used to pursue. The 
difiOicult and wavering transition of medical sciences from the realms of 
superstitious art to the detailed conclusions of modem experimentalists is 
traced with enormous patience. We have history sympathetically penned, 
no less courageously was Billroth emphatic enough to obtain his ends, arid 
these were cl^ly inspired by a deep sense of patriotism—^ aim to mato 
the doctor finest of all citisens. 

If wemre to criticise, we should remark on his insistence npon a basis of 
wealth aa a jneliminary for study. The struggle of the irnvertyHitxlAhm 
student hii clearly impressed Billroth as being of doubtful success. Are 
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the ascanding roada for the brilliant student so much more ixarrowed 
to Geroumy than ebewhere ? There is little discussion of scholarahijM or 
other aids to the impecunious* AgaiUi the proportion of State help rendered 
to the profession is contrasted with that prescribed for the army* It is A 
little difficult for the non-German to the statement that compulsory 
service is of high cultural value, knowing what standards of personal and 
dvic culture Billroth himself possessed and inspired in others. He fears 
that without military restraint, clamour for individual rights would bring 
a reversion to primitive conditions, in which the strong would be strengthened 
and the weak enslaved. Is this borne out by the progress of culture in 
other countries ? And has militarism advanced the development of German 
science beyond all others ? Surely the scientific spirit of Germany has 
proved strong in the depths of military weakness ? Its force has survived 
all military failure. Does not modern Germany acutely realise that, rich or 
poor, it is only through the unfailing pursuit of the highest art and science 
that the soul of a nation can ally itself with the greatest ideals of peace and 
national prosperity? We could wish Billroth were alive now. 

R. Vernev. 


XXSCSLLAJnBOtrS 

Itmotand Engineering: Strength of Materials. By G. F. Swain. [Pp. 
ad 4* 569, with 468 figures.] (London: McGraw-Hill Publishing 
Co., 1924. Price 25s. net.) 

This volume is the first to be published of a series of four. 

The present volume and a second are devoted to the Strength of Materials, 
treated especially in a manner necessary for the consideration of the Design 
of Structures. 

The last two volumes are to be devoted to Structures, one of them relating 
to the simple types in wood, metal, and masonry, while the other will defid 
with Indeterminate and Complex Structures. 

The author hsis thus set himself a very comprehensive task, and we look 
for the remaining three volumes with interest. This book is very complete 
so ffiur as it goes, and the author rightly suggests that selections from it, 
which he indicates, may be pfi^sed over by many readers. 

A summa^ of necessary mechanical principles amd another of geometrical 
relations begin the work. 

The treatment of stresses and strains is unusually complete for cm 
engineering book. 

TThe author’s comments on certfidn optical methods for deducing stresses 
form a suitable subject for a very considerable debate, the mixture of praise 
and incredulity being quite franldy blended in a somewhat amusing manner. 

The treatment of the stresses in beam sections and the ellipse of stress is 
also unusually thorough, while slopes and deflections are very fully treatod. 

Both continuous beams and hooks cure given rather cursory treatment. 

Riveted joints and columns fiu'e fully dealt with. Some very interesting 
matter is given in connection with testing under both ordinary loads and re* 
peated loading. 

There is a breesy chapter (24) on Mathematics send Common Sense, 
which ends the book. The author, in places, draws on his large practical 
eaqperienoe m an illuminating manner. 

There are several slips: for example, in the equation on p. 24B tuid twice 
0 A p. 558 we find the name of Prof. Karl Pecurson wrongly spelt. 

On the whole, the book makes very interesting reading emd it cim be 
itammended to the more advanced student of the subject. 

H, T. D, 
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OidBolfiplii. By J. T. Ikwxk. [Pp. xU 4 X64.] (Loadkm : Sir litae 

Pitman ^ Sons. X925« Price js. 6d. net.) 

Thx anthor. as he explains in his Preface, has set out to provide a book 
which shall describe the construction and theory of the different typee of 
instrument at Resent in use in such a way as to be intelligible to the engineer-* 
ing student. To that end. a large part of the book is taken up by very 
complete mathematical expositions, starting practically from the first 
principles of electro*magnetism. One has no right to quarrel with an author 
who fulfils his set task as Mr. Irwin very ably does, but one feels it is a pity 
that he has not given more technological details of the apparatus and practical 
hints in the measurement of a wave-form in a simple case, like that of an 
alternator. The author's own contributions to the technique of wave plotting 
are included, notably his Hot Wire Oscillograph and the Resonant Shunt, 
which obviates the um of oil for damping. A special chapter is devoted 
to tiie Cathode Ray Oscillograph, commencing with the simple theory of 
perpendicular electrostatic and magnetic fields. The book has apparently 
been written just too early for the inclusion of the Piezo-Electric instrument 
of Mr. W3mn Williams, of which details have been published this year 
{PhiL Mag., Feb.). There are two minor points in the use of 83mibols liable 
to cause confusion: in fractions v stands both for voltage ( V) across^ and 
velocity of the wire ; while B is used in place of the more usual H for intensity 
of magnetic field. The book is copiously illustrated with vector diagrams 
and wave records, and with the numerical examples which appeal to the 
tedtmical student. 

E. G. R. 


Cboofiiif your LUe-woik. By William Rosbngaktbn. [Pp. xxii + 323.] 
(London: The McGraw-Hill Publishing Co., Z924. Pxice i%s. 6d. net.) 

Tkb author's object is to present in plain and non-technical language a simple^ 
and effective plan, whereby the individual may analyse his own capacities, 
aptitudes and interests, compare them with the requirements of representative 
^occupations and plan his career accordingly. 

Though this work as a whole will be of interest to English readers, especi* 
ally head masters, its usefulness is somewhat limited by its applicaticm to 
American life and society. It is true that most of the conditions determining 
fitness for a particular career are alike in all countries, but the demands^ 
the Societies controlling the various professions and trades vary widely. 
Even the questionnaire for self-analysis is strange, to English readers, s.g.: 

Do YOU " get-by " in school with little or no study, or do you have to 
" plug nard to pass ? 

Are you timid, a " go-getter,*' or neither ? 

Are you a good-mixer." W. C. B. 


CMltofitim and Climate. By Ellsworth Huntingdon. Third edition* 
revised. [Pp. xix + 453, with 48 figures.] (New Haven: Yale 
University ^j^-ess; London: Oxford University Press, 1924. Price 
23s. net.) 

This book contains two main lines of investigation which at heart deal only 
with a single problem. First, there is an inquiry into the relatkmship 
between climate and the bodily and mental activi^ of man, t.s. between 
climate and civilisation. Secondly, there is an inquiry into tto cUmatee of 
the civilised land^ of antiquity, in which the author postulates a pulsktocy 
theory of climatic change in consequence of which, eg., Egypt, Greece* ItHy 
possessed dimates more favourabte to bodily and mentsd aravity in daistoll 
times than at the present day. 
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in the tactkm dealing with climate and health there is a oenslderable 
amcnmt of new material* especially in relation to the effect of humidity ; 
and* although the evidence is conflicting* it seems to prove that humidity is 
beneficial in its direct effect with temperatures below about 6^*^ F** and is 
harmful with temperatures above that figure* while its indirect effect is alwa3r8 
injurious* as it facilitates the transmission of harmful micro-organisms. The 
question of the infiuence of light on health still receives scanty treatment* in 
spite of Woodruff's important work on the subject. Indeed* Huntingdon 
ignores Woodruff's contention that it is the intensity of the light that is 
harmful to White Man in the Tropics; he deals with the problem only in 
regard to extra-tropical America* and then only in respect of the length of the 
day I 

The section dealing with climate and civilisation is also much fuller* 
and includes two completely new chapters, one dealing with Aboriginal 
America and Modem Australia, and the other providing a convincing refutation 
of the charges brought against Huntingdon's Pulsatory Hypothesis. The 
first-mentioned of these chapters shows clearly that the author does not 
consider climate to be the only factor in determining the distribution of 
civilisation. By insisting, in this new edition, less strongly on the direct 
infiuence of climate and more strongly on racial inheritance and cultural 
equipment. Huntingdon to a large extent diseomis criticism, and, by urging 
that civilised man in early times was less well equipped materially to combat 
the difficulties of cool climates* he almost completes the disarming process. 
If, in addition. Perry’s theories of the distribution of culture were taken into 
account, an explanation might be found, in accord with Huntingdon's own 
theory of " cultural development," for the puzzling Maya and Inca civilisa¬ 
tions, to which none of Huntingdon's explanations supply an adequate key* 

Space forbids further discussion of this extraordinarily provocative book. 
It is emphatically a book to be reread. It is as stimulating to mental energy 
9 m the most stimulating climate it describes 1 

M* Shacxlston. 

IHifaMio Instruments for the Advanoement of Sdenoe. A Handbook to 
the Oxford Collections, prepared for the opening of the Lewis Evans 
Collection on May 5, 1925. By R. T, Gunther, [Pp. iv + 90.] 
(London : Oxford University Press, 1925. Price 2s. 6 d, net.) 

Thx Lewis Evans Collection of Historic Scientific Instruments, supple¬ 
mented by others deposited by Christ Church and New Colleges, constitutes 
one of the finest ava^able to the public in tlxis country, and the thanks of 
all students of science are jointly due to Dr. Evans for his generosity in pre¬ 
senting them to the University of Oxford for exhibition, and to Mr. Gunther 
for his excellent record of their contents. Naturally the maximum benefit from 
this smadl book can only be derived from a personal inspection of the instru¬ 
ments hc>u^ in the Ashmolean at Oxford. It is not, however, wthin the 
opportunities of all who would wish to do so to pay Oxford a visit for this 
purpose. Nevertheless, we have no hesitation in saying that this handbook 
£1 of immense value to all who are interested in the history of science. The 
evolution of instruments of precision is a big and an important subject, and 
few axe so well qualified as is Mr. Chinther in its exposition. His volumes on 
JSar/y Sci$nc$ in Oftford entitle us to regard his statements in this field as 
authoritative. 

Historic InstfUimnts for Advancement of Science is not a mere catalome 
of eahibits* It is filled with a running commentary of valuable information 
tufarding the history of instruments, much of which is abstracted from 
ito author's Early Science in Oxford. Prefaced with an historical record of 
Ihe Old Ashmolean Building, the book deals consecutively with astrolabeib 

36 
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fbyaioal ^^paxatus, orreries, dials, globes, sad metbematical, sorveyiag, and 
pTOcal instruments. The book is tastefully produced and inclu^ some 
illustrations. I. B. H. 

An Introduction to Economic Oeography. Vol. 1. Natural Environment 
as Related to Economic Life. By W. D. Jones and D. S. Whittlesey. 
[Pp. XXV + 375, with 366 figures.] (Chicago: The University Press. 
Price I5.) 

We have here another example of the great interest being taken in Economic 
Geography on both sides of the Atlantic, but more especiatlly in North 
America. Unlike most of the textbooks on this subject which have appeared 
recently, however, the work under review is more specifically intended for 
class use, either in the first year of university work or in the higher forms of 
schools, and it is actually employed as a complete one-year course in the 
University of Chicago. 

The volume deals with the influence of natural environment, t.e. climate, 
natural vegetation, land forms, etc., on human activity, and more especially 
on economic activity, and it is to be followed by a more advanced volume 
stressing the economic activities themselves. 

The method of presenting the material is new in that each subject is 
approached by means of questions and exercises with the object of making 
Ihe student think for himself. The second section of the b^k consists of 
text, partly taken from various other works in the manner of a ** Source 
Book,** but largely prepared by the authors themselves. This, together 
with the third section, consisting of maps and illustrations, enables the 
student to solve the problems propounded in the exercises. The photographs 
are excellent, being both typical of the activities they portray and well 
selected from different parts of the globe, e.g. Fig. 115 showing tea on hill 
slopes, rice on lowlands in Japan; Fig. 92 showing the wool market in 
Srinagar. The maps also are well chosen, but in several cases lack both 
scales and co-ordinates, and it seems a pity that the illustrations should be 
arranged in a single section instead of l^ing distributed throughout the 
book, BO as to occur with their relevant text. 

Ihe book should be veiy useful to the teacher by virtue of its exercises 
and the excellent way in which questions, text, and illustrations are correlated, 
but for the teacher in England the emphasis laid on America and the scanty 
treatment in the text of the rest of the world is a disadvantage. ' Another 
drawback is that the cost of the book will make it difficult in England for 
every student in the class to possess a copy, although it is evidently intended 
for general class use, 

Margaret R. Suacxleton, 

life attar Death In Oceania and the Kalay Archipelago. By Rosaumd 
Moss, B.Sc. (Oxon). [Pp. xii + 247.] (Oxford: at the University 
Press, 1923.) 

Miss Moss has succeeded in writing an extremely interesting and valuable 
book. She has collected together a mass of information which has hitherto 
been scattered in many publications, and by so doing she has been abb to 
tabulate and compare the facts. The result is a definite contribution to 
our knowledge of the peoples of Oceania. The problem of migrattons, lor 
example, is materially advanced by her researches, for, thou^ she is cautious 
in drawing conclusions, it is very evident that her iheorm are based on 
sure ground. She has emphasised the inter-relation between ritual and belbfr 
and has shown how each can arise from the other and ho# each modldett, 
the other. This is very marked in the case of the canoe*coffin, whichi thont^ 
now interpreted as a soul-boat, is ** in reality a vestige of miction.** The 



REVIEWS 555 

tbeodm «• to the petition of the other world are shown to have a ve^ definite 
origin in the methods of disposing of the dead; thus* cave-burialr^whidi 
it really due to the necessity of hiding the dead from enemies—leads to a 
belief in an underground other-world. Miss Moss's suggestion as to the 
reasons why the west pla}^ so large a part in the eschatology of many parti 
of Oceania is extraordinarily interesting, and shows that a detailed knowledge 
of all the facts is necessary before any conclusions can be drawn. According 
to her view, the belief in the western after-world is due to the memory of 
migration, soul returning to the land from which the ancestors came; 
'* the western direction leads to a fictitious connection with sunset and the 
sun/* and when this is combined, as in Pol3mesia, with the deification of 
chiefs, there arises a complex form of belief which includes an after-world 
in the sky. Miss Moss is. however, careful to point out when and where the 
theories of a sky after-world have been influenced by Christianity or Islam. 
Altogether the book is one which will be welcomed by anthropologists. 
There is but one fault to find with it. Miss Moss has not yet realised that 
a clear and easy style adds greatly to the lucidity of explanations. The 
matter of the book is so good that it is unfortunate to find it often somewhat 
spoilt by the manner of presentation. 

M. A. Murray. 


The Seienoe and Art of Living. By Leonard Williams, M.D. [Pp. 240.] 
(London: Hodder & Stoughton, Ltd., 1925. Price 5s. net.) 

This book is a slashing attack on meat-eaters, sweet-eaters, and over-eaters. 
It is admittedly propagandist and didau:tic, and the critic is to a large extent 
disarmed by the author's plain and outspoken preface, in which he pleads 
guilty to repetitions and redundancies and occasional overstatement of his 
case for a simpler life. It is the custom nowadays to describe us as a C3 
natioQ on the grounds that a large proportion of those who volunteered, 
and those who later were called up for service, were found on examination 
to have some physical defect or other. It must be remembered that many 
of these defects were brought to light and exaggerated by the owners to 
avoid service, particularly in the front line, although in ordinary life they 
were capable of the severest strain and hard work. In any case, the great 
bulk of the disabilities, such as errors of refraction, minor degrees of deafness, 
fiat feet, varicose veins, hernias, etc., were due to the ever-increasing struggle 
lor existence in these islands, where the population yearly mounts up, and 
tile people gravitate towards the cities where the accommodation for them 
and their families is inadequate and the sanitary conditions often poor, to 
say the least of it. With regular, plentiful, and good food and a heal^y. 
Open-air life, it was soon, found daring the war years that the physique of 
the men improved markedly. With the gradual transition from agpri- 
culture to industry our habits must change, and the reviewer agrees with 
tile author that the eating of meat as a daily routine is not only unnecessary, 
but positively harmful. Greed is common not only to civilised man, but 
to the savage even more so, while animals, particularly the carnivores, 
are commonly addicted to it. Owing to the habits of civilised man changing 
rapidly from an active to a sedentary life, it is very necessary that we 
who are so condemned should regulate our diet accordingly and eat leas. 
Gluttony is not a crime of this civilisation, but is as old as man; but whereas 
primitive man could only indulge periodi<^y, and in the intervals, whether 
he liked it or not, was obliged to fast, civilised man finds himself well supplied 
without physical efiort. Certain of the author's statements are open to 
question, iror example: Are disagreeable draughts essential to the genus 
homo ? Was pyorrhoea alveolaris unknown before antiseptic tooth powders 
came into vogue ? Does the Southerner, unlike the Nordic man, wear black 
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or dark blue under a tropical Bon ? The Latin races certainly feel the heat 
leas in their own countries bordering the shores of the Mediterranean, and 
consequently wear their usual clothes of a thin texture, be their colour what 
it may; but whenever they go to their tropical possessions they invaria^jr 
wear w^te, which experience has taught them and ourselves is by far cooler 
than black or any coloured garment. 

The book is well written, and contains much sound advice, which is well 
nibbed in, but will it reach those who are the greatest offenders ? Home 
life is conducive to healthy living, but it is becoming increasingly popular 
to lunch and dine in restaurants where people insist on having their money’s 
worth, or, in other words, eat more than they require. 

There is a printer's error on page 232 in the spelling of Prof. Gowland 
Hopkins's name. R. £. Draks-Brockman. 

Why the Weather? By Charles Franklin Brooks. [Pp. xvi + 3x0.] 
(London: Chapman & Hall. Price 8 s. 6d. net.) 

This book explains in simple language those weather phenomena of the 
United States, the physics of which are tolerably well understood. Many 
common sayings about the weather are also discussed, and those which have 
some foundation in fact are discussed from the scientific point of view. The 
book contains also some notes on meteorological instruments, and some 
excellent photographs of clouds, dew, ice crystals, etc. 

Dr. Brooks has certainly produced an excellent popular work, and his 
success is probably due to a large extent to his wise plan of obtaining the 
help, on the one hand, of people familiar with popular notions about 
the weather, and, on the other hand, of the professional meteorologists of the 
U.S.A. Weather Bureau, who undertook to purge his exposition of the 
slightest inaccuracies. 

The weather of the northern part of the United States resembles that of 
the British Isles in many ways, but there are important differences due to the 
great size of the American continent; these are sufficient greatly to reduce 
ttkt interest of the work for readers on this side of the Atlantic, yet not nearly 
sufficient to annul it. 

£. V. Newnhau. 

Bduoation in East Afrioa. Being the Report of the Educational Commission 
of the Phelps-Stokes Fund to East Africa, 2924. Prepared by the 
Chairman of the Commission, Dr. Thomas Jesse Jones. [Pp. 407 
Index.] (Edinburgh House Press. Price 75. 6 d. net.) 

This volume is a companion to the Report of the Phelps-Stokes Commission 
to West and Central Africa in 2920. ^e report is exhaustive, providing a 
complete book of reference on the educational work of the regions concerned. 
It is also a practical guide to the principles that must be followed if a sound 
system of education in these countries is to be constructed. It bears witness 
also to the splendid pioneer work of the mission stations in the field of 
education. W. C. B. 
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ERRATA 

Owing to an unfortunate mistake, an uncorrected proof of Recent Advances 
in Astronomy was published in the last issue. The important errors were 
as follows: 

Boss is misspelt Bars throughout. 

Page 196, line 18, for course read cosine. 

„ 196 „ 28, for rim read sine, 

M 197 »i 43i ior not read now. 

n 198 „ 35, for right read sight. 

200 M 37, for -f 0^*18 4 * o"'’04 read + o^'xS ± o'*04. 

„ 201 5, for cos c read cos h. 

„ 201 „ 5, for record read second. 
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RECENT ADVANCES IN SCIENCE 


AVnOVOXT. By W. M. H. Grsavbs, M.A., Royal Obaervatory» 

Gnenwicb. 

Th« Relativity Displacement of Spectral Lines in the Companion 

Sirius .—In a previous article an account was given of 
Eddington’s work on the relation between stellar masses and 
luminosities. From theoretical considerations Eddington de¬ 
duced a functional relation between the mass of a star and 
its bolometric absolute magmtude after a small temperature 
correction had been applied to the latter. This relation was 
in point of fact found to be satisfied by stars for which the 
requisite data were available—a fact which was rather sur¬ 
prising as the theoretical reasoning which led to Eddington’s 
relation assumed the law of a perfect gas to hold for the stars, 
whereas some of the actual stars for which the deduced rela¬ 
tion was found to hold good were known to be ’’ dwarf stars ” 
with densities which are in some cases greater than that of 
water. Eddington explains this by pointing out that the 
departure from the law for a perfect gas is a consequence of 
the finite size of the atoms, whose effective diameters may be 
taken ^ to be the diameters of the outermost electron orbits. 
Now in the case of stellar material at high temperature, the 
atoms will be ionised and stripped of most of their electrons. 
Consequently, the departure from the law of a perfect gas 
will set in at a much higher density than b the case in the 
laboratory, and so it is not so very surprbing to find stars 
Oibeying a law which depends for its validity on the gas law 
herax satbfied. 

There was, however, one outstanding exception to Edding* 
ton’s theoretical relation, namely, the companion to Sirius. 
Thb star u an early type of star of very low intrinsic blight- 
liess, and b known as a ** white dwarf.” It does not sawfy 
tSbe theoretical relation in question, but Eddington su^ested 
tiust thb was due to the fact that its density was so high that 
^ gas law wat not satbfied in spite of the h^ ionisatioii. 
la i&:t, taking determined values of its parallax, mass, and 
|[||Wi«nt ms^pltode, and aasummg a surface temperatime of 
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S/soo* corresponding to spectral type Fo, the density coii^ 
out to be 53,000 times that of water. Eddington pointed out 
that such a star should show an Einstein displacement of its 
si>ectral lines of about 20 km. per sec. 

An account of the attempt recently made at Mount Wilson 
to investigate any possible such Einstein shift is given by 
W. S. Adams, in the Proceedings of the National Academy of 
Sciences, vol. xi, pp. 382-7, July 1925. The difficulties of ob¬ 
servation are wery great. The angular separation between Sirius 
and its companion is 10', and Sirius is 10,000 times as bright, 
with the consequence that the scattered light of Sirius produces 
a spectrum which is superposed on that of its much fainter 
companion. However, it was found possible to obtain spectro¬ 
grams with the Mount Wilson loo-inch reflector, using a single 
prism spectrograph with an 18-inch camera. The average 
exposure time was 40 minutes. 

The companion is of a later spectral type than Sirius, and 
consequently the distribution of energy in the continuous 
spectrum is different for the two stars, the red light being 
stronger for the companion. This was a very fortunate 
circumstance, as it enabled the observers to obtain the spectrum 
of the companion nearly free from the spectrum of Sirius 
towards the red end of the spectrum, whereas there was pro* 
nounced superposition in the blue. It was considered that 
the line was practically free from superposition, and that 
no correction need be applied to measurements of line-dis* 
placement derived from this line. The relative displacements 
of thb line in the spectra of the companion and of Sirius itself 
were measured from the spectrograms, and after correcting 
for the known relative radial velocity a displacement Of 
24 km/sec was obtained. Measures were also made for 
and for several metallic lines, but these measures had to be 
corrected for the effect of superposition of the scattered light 
from Sirius on to the spectrum of the companion. The Imal 
mean result for the Einstein shift was 21 km/sec in close agree¬ 
ment with Eddington’s prediction. 

The closeness of the a^eement is in fact rather of the 
nature of a fluke, as the difficulties of measurement are great. 
Eight determinations were made from the line and the 
individual results are 29, 2i, 22, 15, 29, 25, 26, and 23 kUo* 
metres per second, with a weighted mean of 24 km/sec. Ill 
the cases of Hy and of the metallic lines, the ranges are mudi 
greater. 

When the discovery of the Einstein shift in the lines pi 
the solar spectnmi was announced over a year ago by Evendiptl 
and St John, it was thought that the last word had betn 
probably said as regards experimental .verifications o| Em* 
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irfudoi's theory. The theory had satisfied the three crucial 
tests, the motion of the perihelion of Mercury, the gravitational 
bending of light, and the displacement of the lines in the s^lar 
spectrum. It seemed as if no other test could be applied, 
and it is very satisfactory to obtain results which, although 
admittedly difficult to obtain, and subject to considerable acci¬ 
dental error of measurement, still give evidence confirmatory 
both of Einstein’s theory and of the remarkable density 
predicted by Eddington for the companion to Sirius. 

The Solar Parallax from Observations of Occultations at the 
Cape Observatory. —It is well known that the motion of the 
moon involves terms which depend on the value of the solar 
parallax, and that consequently observations of the moon’s 
position provide a means of determining this important con¬ 
stant. Unfortunately, the solar parallax as determined in 
this way from meridian observations of the moon, is liable to 
systematic error. This arises from the fact that when the 
parallactic inequality (that is, those terms in the expressions 
for the moon’s position which involve the solar parallax) is 
positive only one limb of the moon can be observed, and the 
other limb when the inequality is negative. The solar parallax 
will therefore be affected by any error in the adopted value 
of the moon’s semi-diameter, a quantity which it is veiy 
difficult to determine from meridian observations on account 
of the effects of irradiation. Observations of the occultations 
of stars by the moon provide an alternative method which 
seems to be free from this defect, and in the Monthly Notices 
^ the Royal Astronomical Society for November 1924, Dr. 
^f>encer Jones has discussed the occultations observed at the 
Cape Observatory for the period of 1835 to 1922. For the 
whole of this period the observations have been compared 
with predictions based on Hansen’s tables of the moon. From 
1923 onwards Brown’s tables have been used as the basis of 
conmarison. 

Each observation of an occultation yields an equation 
involving the errors of the moon’s position and semi-diameter 
as computed from the tables. The equations were transformed, 
the new unknowns beine the errors of the elements of the 
orbit, of the coefficient of the principal term in the parallactic 
inequality, and of the tabular semi-diameter. Corrections have 
been applied which take into account terms omitted by 
l^nsen’s theory. The resulting equations were solved by least 
iquares and from the resulting value of the coefficient of the 
Imcipal term in the parallactic inequality the value of the 
'ithiftat ^rallax was determined. Dr. Sj^ncer Jones’s final result 
1^ the solar parallax is 

. ■ 8'’8o5 ± 0.005. 
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This may be compared with the value derived by Hiato 
from the observations of Eros. Hinks's value was 

8‘8o6 ± o**oo4. 

The agreement of these two determinations is highly 
satisfactory. 

nnnioa. By L. F. Baxbs, B.Sc.. Ph.D.. PJnstP.. Univeisity Collage. 

London. 

Atomic and Ionic Forces. —^We have long ceased to regard the 
representation of an atom by a r^id sphere as adequate, for 
the values of the diameter of an atom obtained by different 
methods are so very diverse. For example, the following 
values of the diameter of an atom of argon are taken from 
Herzfeld’s Kinetische Theorie der Wdrme, p. 4^0. From vis¬ 
cosity measurements the diameter is found to be 2*97 A; 
from the Van der Waals constant, b, it is found to be 3<x), 
2*92 or 2*42 A according as is calculated from the critical 
pressure and temperature, from the critical volume or from 
a discussion of the isotherms at higher temperatures {Zwicl^, 
Phys. Zeit., vol. 22, p. 449 » 1921) respectively. From the 
volume occupied by liquid argon the diameter deduced is 
4>o4 A, whilst from measurements on the solid state the value 
3*8^ A is found. Moreover, it is difficult to justify such a 
conception side by side with the Rutherford-Bohr theoty of 
atomic structure. In fact, the only reason for the lor^ popu¬ 
larity enjoyed by the spherical atom is its simplicity mone, 
for it involves only one unknown quantity, namely, its diameter. 

Now most chemical and physical properties of matter 
depend entirely on the forces between atoms, and it .therefore 
follows that the most fundamental information which can bo 
obtained from many physical data is that concerning the nature 
of interatomic forces, and an interesting systematic attempt 
to use the experimental data at our disposal for such a pur¬ 
pose has recently been made by Lennard-Jones. In a series 
of papers he replaces the old rigid sphere modd by an inveme 
power law model, which is much more general, and whkdi it 
shown to include the former model as a special case. In tibe 
flist of this series of papers {Proc. i?<y. Soc., vol. 106, p. 44I;,; 
1924} the molecules are supposed to repel accordir^i; to 1^ 
inverse power law, and to attract according to an inverse 
3** power law; no attempt is made to justify tite specified 
attractive field, it merely happens that it lends itself to matbe^ 
matkal treatment. It is found that with this model titf 
vucosity of a gas varies, as a first approximation, accoqndm 
to the law T/CP*'*'®'*®*''’" +ST~*), where S is a quantity 
pendmit of the temperatwm T. "When n tends to infiimy 
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utoual Stttlierland fonnula is obtained, and when S is zero we 
(^ain the usual result for molecules which repel accordii^ to 
an inverse «“ power law without attraction. Now from the 
above formula, a detailed consideration of the constant S 
leads to the assumption of a formula of similar t}rpe for the 
variation of the coefficient of viscosity when the general law 
of force is X,r“* - i.e. when the attractive force obeys 

an inverse power law. However, the expression given 
above satisfies the observed variation of the viscosity of argon 
with temperature over the range - i8o®C. to iSo^C. with no 
greater deviation than o-6 per cent., but agreement between 
experiment and theory can be obtained with more than one 
molecular model, e.g., n may have any value from i s to 25, so 
that viscosity results by themselves do not lead to a unique 
determination of molecular fields. Therefore, in a second 
paper {Proc. Roy. Soc., vol. 106, p. 463, *924) experimental 
data concerning the equation of state of a gas are examined to 
determine whether, in conjunction with the results based on 
considerations of viscosity, they will definitely fix the molecular 
field. Kamerlingh Onnes \Comm. Phys. Lab. of Leiden, No. 71) 
expresses his experimental results for certain gases in the form 
of an empirical equation of state, p, - A + B/, + Cj^ + D/^. . 
where B is known as the second virial coefficient. Lennard- 
Jones obtains a theoretical expression for B in terms of the 
temperature on the basis of the new atomic model, and by 
graphical methods this model is tested against the results of 
Kamerlingh Onnes. It is found again that more than one 
kind of repulsive field will explain the facts, and the constant 
of the repulsive force is in all cases greater than that deduced 
from viscosity measurements. In an appendix to this paper, 
the more recent results of Holborn and Otto {Zeit. fiir Phys., 
vci. 93, 77, 1934) on the isotherms of gases from 0“ to 400* C. 

are considered, and the graphs show that good agreement is 
fotmd for all models -with n greater than 9, and with the same 
kind of attractive field. 

Now, although it is not possible to deduce conclusive in- 
formation about molecular fields from the above two sets of 
measurements alone, it is shown in a third paper {Proc. 

Sec., vol. to6, p. 709, 1924) that some definite conclusioiu may 
ho obtained by malong use of X-ray measurements of crystab. 
In fact, in this paper, an attempt is made to bring the pro? 
aoties of a gu into line with the properties of a crystal. It 
|| shown possible, with a series of inverse power models do* 
aoribed above, to make theoretical calculations of the inter- 
niohiic distances in crystalline argon, which has recently bOiim 
pfnihtced and subject to X-ray measurement (Simon n. 

Bie Matmwiss., vol. ii, p. 1015 ^ 1933 ; Zeii. fUr Phys., 
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vol. ii, p. i6i, 1934, and toI. 25, p. tte, 1924)1 and henca, fpr 
the first time we have information derived from kinetic theory 
applied to explain interatomic distances in crystals. The 
attempts to determine atomic diameters from crystal measure* 
ments made by W. L. Bragg and Wasastjerna are based on 
the conception of rigid spheres, and lead to values which differ 
from those obtained by other methods ; e.g. they are often 
considerably less than those obtained from viscosity data. 
The conception of a repulsive field according to an inverse 
10® power of the distance in conjunction with forces due to 
electrostatic charges, is used by Bom and Land^ {Ver. d. D«uL 
Phys. Ges., vol. 20, p. 210, 1918) to explain the experimental 
results of the compressibility of crystals, but these experiments 
on compressibility are so difficult that it is hard to decide how 
much reliance may be placed on the information thus obtained. 
Now, aig;on forms crystals of the face-centred cubic type and 
the observed value of the interatomic distance is 3*84 A. Tak¬ 
ing the force between two argon atoms to be represented by 
Leonard-Jones obtains an expression for the dis¬ 
tance between atomic centres in simple cubic and face-centred 
cubic crystals, where \ and X„ may be obtained from .the 
results of Holborn and Otto, as described in the second paper 
of this series. He thus finds that both the results of Holbora 
and Otto and the observed interatomic distance in crystalline 
argon may be explained on the supposition that the force of 
repulsion between two argon atoms obeys an inverse 15** 
power law, whilst the force of attraction obeys an inverse 
power law ; it must be mentioned that the results of Holborn 
and Otto appear to meet the case better than those of Kamer- 
lingh Onnes. Incidentally, it is shown in this instance tl:^ 
the face-centred cubic form possesses less potential energy than 
the simple cubic crystal, although the individual atoms are 
farther apart. It is also pointed out that a KCl crystid may 
be considered as a series of ai^on atoms to which are added, 
alternately, positive and negative electrostatic charges; for 
X-ray analysis shows that a KCl crystal consists of two inter¬ 
penetrating face-centred cubics and may therefore be regarded 
as of the simple cubic type, the comers of the cube being 
occupied by positive and negative ions, since it may reason¬ 
ably be assumed that the valency electron of the K atom 
is absorbed into the outer structure of the Cl atom in sutih 
manner that both these ions possess the same outer shell of 
electrons as an atom of argon. Similarly, a crystal <rf Ci^ 
may be regarded as a collection of argon atoms to whidi nra; 
added, alternately, double positive and n^ldve .eleofroi^dilB; 
charges, and which are arranged in a simple cubic iattide. '1^ 
distances between these atoms are ealodated lor ^‘ 
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Xrf where «- rs, mm X.- 1*721 x io““* «i^ 

Xm» 1*107 X lo**^. The observed and calculated interatomic 
distances for oTrstalline argon are 3*84 and 3*86 A, for 
KCl 3*13 and 3*08 A, and for CaS they are 2*77 and 2*79 A 
respectively. In a fourth paper (Proc. Roy. Soc., vol. 107, 
p. 157, 1925) Leonard-Jones extends the methods of the pre¬ 
vious papers to the atomic fields of helium and neon. An 
examination of the data for the second virial coefficient in the 
case of helium shows that the field of the helium atom may 
appropriately be represented by the superposition of inverse 
power law repulsive and attractive fields, of which the force 
constants may be calculated. The viscosity data for helium 
given by Kamerlingh Onnes and Weber {Comm. Phys. Lab. 
L^dm, No. 134B, p. 18, 1913) are also used to determine the 
value of the repulsive force constant, and the values of the 
atomic diameter obtained from the two sets of data are in 
remarkably good agreement ; they are 3*105 A and 3*128 A 
respectively, for given values of n and m. The field of helium 
is found to be one of repulsion according to an inverse 14*’* 
power law together with a weak attraction according to an 
inverse 5“ power law ; as a matter of fact, the attractive field 
is so weak that from viscosity results alone it would appear 
that the field was purely repulsive, and the attractive force 
constant is only about 1/100th of that previously found for 
argon. The experimental data in the case of neon is much 
more meagre, for values given for the second virial coefficient 
at the same temperature differ by as much as too per cent., 
and experimental values for the viscosity are known for only 
two temperatures, so that measurements of the thermal con¬ 
ductivity are used to deduce the corresponding values of the 
viscosity, by means of a formula due to Chapman. In the 
manner described in the previous papers, X-ray measure¬ 
ments of the crystals NaF and MgO are used to determine 
the atomic field of neon, and it is concluded that neon repels 
according to an inverse 21** power law. 

Lennard-Jones and P. A. Taylor (Proc. Roy. Soc., vol. 109, 
p. 476, 192 s) then elaborate and extend the work of the pre¬ 
vious lepers to take account of the recent work of Wasastjema 
iSoc. Sctenl. F«fm. Comm. Phys. Math., vol. i, p. 38), who 
. deduces the refhictivities of a number of atoms and ions from 
the refractive indices of crystals and salts, and who further 
Itses these refractivities to calculate the relative sizes of atoma 
Imd ions of similar atomic structure {Wasastjema, l.c., p. 37). 
relative ^es ” obtained by wasastjema are presumed 
to the avoviM distances of the outer electron orbib 
Ibvt ^e audeus, and hence, it is further assumed that thi^ 
llm: w of the kinetie theory diameters, so that if 
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pne diameter b known (e^, that of the pure gas), than 
pthers may be calculated, and the authors give a table of 
values obtained by making use of the results of the previous 
papers. The idea of a diameter is then somewhat generalized 
m conformity with the mode of representing the field of an 
atom by an inverse power law force instead of a rigid sphere. 
The potential function for the given atom is plotted and the 
“ diameters ” considered by the authors are given by the 
intersections of an ordinate of value 3kT/2 wiUi the curves 
thus obtained for different values of n, and these " diameters” 
are assumed to be proportional to the scale of the outer orbits 
of the atom, so that the value of the ” diameter ” of an ion 
may be deduced from Wasastjerna’s figures, and then the 
repulsive force constants of an ion may be calculated. For 
certain assumed power laws the repulsive force constants are 
known for atoms of neon and argon, so that the repulsive 
force constants for each of the eight ions O—, F“, Na+, Mg'*"*", 
S—, Cl”, K+ and Ca++ are readily found for these particular 
cases. Theoretical calculations of interatomic dbtances in 
crystals taking the attraction between ions to be due to their 
electrostatic charges are then made, and the results are com* 
pared with those of experiment to decide which of the various 
models is most adequate to fit the facts. It is thus found that 
in crystals the repulsive forces of neon-like ions may be repre¬ 
sented by an inverse n*** power law, whilst the argon-like ions 
naay be represented by an inverse 9“ power law. Crystals 
similar to NaCl are treated by considering the forces between 
an argon-like and a neon-like ion, it being assumed that the 
repulsive force between one of each kind of ion obeys an inverse 
10* power law. In this way tables giving the force constants 
between any two of the monovalent ions F”, Na+, Cl", K+, 
and between any two of the divalent ions O—, Mg++, S"“, 
and Ca'*"*' are drawn up. The methods are further applied to 
predict the interatomic distances of CaCl, which have not yet 
been measured. Incidentally, the properties of crystalline argOn 
are further discussed, for whilst it is shown in the third paper 
that there is a repulsive force obeying a 15“ power law 
between argon atoms in the crystalline state, an inverse 9!***;' 
power law appears to hold for argon-like cores, when wb take 
into account the sizes of the ions, as, for example, in the cate 
of K+ and Q”. 

The most recent paper of this series {Proc, iJcy. Soe., vol. IGk^ 
p. 584, 1925) is the result of the application of the nu^oio^l 
of the preceding papers to laypton-uke and xeimn-like ioxun 
but in this case the fields of lo^ton and xenon wre 
mm crya^l data alone. Thus the only informaidoh 
for Inypton is the interatomic distances pf Rb 1 ^ as 
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iiie Kfractivitics of Br‘, Kr, and Rb'^, and that for wtMn is 
tilM compressibility of Csl, together with the refractivities of 
Cs*, Xe and I”. The net results of these papers are embodied 
in tables showing the laws of force and force constants between 
any two of the pure gas atoms Ne, A, Kr and Xe, and l^tween 
any two of a series of neon-like, argon-like, krypton-like and 
xenon-like ions. With these force constants and repulsive 
power indices, calculations are made of the compressibilities, 
heat contents, etc., of 32 crystals and the results are shown 
to be in satisfactory agreement with experiment; calcula¬ 
tions are also made of a number of crystal constants not yet 
observed, and clearly many further interesting and important 
physical and thermochemical applications of the detailed 
knowledge of atomic and ionic forces, gained as a result of 
these researches, may be anticipated. 

Recent Advances in Radioactivity .—It has long been known 
that the loss of charge of an enclosed electroscope could only 
be explained by the presence of a penetrating radiation in the 
atmosphere. Yet, until recently, no conclusive experiments 
decided the origin of this radiation, although the experiments 
of Hess and Kohlhdrster indicated that this penetrating radia¬ 
tion did not proceed from the earth, but had its origin some¬ 
where outside it. The experiments recently made by Milli¬ 
kan and his collaborators {Nature, December s, 1925) are 
therefore of great interest. In the first place, experiments 
were made by Bowen and Millikan in which recording electro¬ 
scopes were sent up in sounding balloons to heights as great 
as 15*6 km,, and they confirmed the results of Hess and 
Kohlhdrster that the penetrating radiation was greater at 
higher altitudes than at the surface of the earth. Secondly, 
experiments by Millikan and Otis indicated the existence of 
a small and very penetrating radiation of cosmic origin, and a 
quantity of soft 7-rays whose intensity appeared to increase 
wth altitude. Finally, experiments made by Cameron and 
Millikan with electroscopes sunk in veiy deep snow-fed lakes 
at very high altitudes, proved conclusively the existence of 
a cosmic radiation which decreased in intensity down to depths 
of 45 ft. This meant that they were dealing with rays which 
could penetrate 6 ft. of lead before being completely absorbed. 
M^over, the experiments also showed that these rays were 
not homogeneous. No change in the intensity of this radian 
was found by day or night, so that it must traverse space 
, as all directions. The softer radiation investigated was cl^rly 
:jpHroduced, in accordance with the Compton effect, when fhe 
hard cosmic radiation struck the earth, and the 
wt this scattered radiation increases vntn ahitude 
ffiEpfadned by the fact that at higher altitudes fh^ 
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iai« correspondkigly more hard rays to be transformed; 
liillikan sup^gested that this radiation resulted from nudeat^ 
transformations of some kind, but Jeans (Nature, December ii, 
i9»S) has considered the possibility that it may arise from 
the annihilation of stellar matter, which would produce a 
wave-length of 1*3 x lo"** cm., corresponding to the simul¬ 
taneous destruction of one electron and one proton. Jeans 
also points out that now, in addition to visible radiation, we 
must consider space to be traversed by extremely hard y-rays 
and extremely high velocity /8-rays, and he states that these 
rays obviously explain the luminosity of such objects as the 
irr^ular nebulae, and the negative charge of the earth. 

Rutherford and Chadwick (Phil. Mag., November 19*5) 
have recently ^ven an account of new scintillation experiments 
for the investigation of atomic nuclei and the law of force. 
Although from their previous experiments the inverse square 
law was known to hold for collisions between a particles and 
the nuclei of the heavier elements, it was also known to break 
down completely in the case of collisions with H nuclei, in 
which the closest distance of approach was of the order of 
4 X io~** cm. The scattering of a particles by magnesium and 
aluminium was also studied by Bieler, and deviations from 
the inverse square law were accounted for by the superposition 
of an attraction obeying an inverse 4“* power law. The ex¬ 
periments now described were devised to examine the validity 
of the inverse square law for the closest possible distance of 
approach for the heavier elements, and to determine the 
nature of the variation of the scattering with the velocity of 
the impacting a particle for the lighter elements. The examina¬ 
tion of the scattering by uranium was of particular importance, 
for it would appear that an a ray from radium C, of range 
% cm., should penetrate deeply into the structure of the 
uranium nucleus, and therefore some radical departure from 
the usual law of scattering would be expected. The scatter¬ 
ing from a thin film of uranium, deposited on a plate of graphite 
by cathode sputtering, was examined at an angle of 135” 
and compared with that of gold under the same conditions, 
but no indication of any departure was found within the 
limits of experimental error. Incidentally, experiment showed 
that the gold nucleus behaved as a point charge and that the 
law of force is the inverse square law for distances np to 
3*2 X io~^* cm. from the nucleus. In the case of the-scattenng 
of the elements magnesium and aluminium, similar mqpdrir 
ments showed definite d^artures from the usual lavini of 
scattering;, for the scattering of « particles of 67 cm. iiua|p» 
was less than the theoretical value and decreased ds 
of the incident« particles was diminished, leedihig a 
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for particles of range about 5 cm., and afterwards attaining 
the theoretical value for particles of small range. Check 
observations were provided by' experiments on scatterii^ ,at 
an angle of 90®. TTiese scattering results may be explamed, 
in general terms, by considerit^ the aluminium nucleus to be 
a complex system consisting of a central core surrounded by 
a satellite arrangement of positive and negative charges. It 
is interesting that in the case of aluminium the minimum in 
the scattering curve occurs for about the same velocity of the 
a particle as that for which the liberation of protons from 
aluminium is first observed; this suggests that a proton is not 
liberated until the a particle actually penetrates the satellite 
system. 

A series of short but important papers is published in the 
Proceedings of the Cambridge Philosophical Society for November 
1925. In the first place D. H. Black examined the low energy 
/8-rays from radium B + C and found definite evidence of a 
line spectrum which must be due to the ejection of electrons by 
vX, X L X-rays from an atom of atomic number 83 acting on the 
M, N and O levels of the same atom. This /8-ray spectrum was 
analyzed, and the results shown to give strong support to the 
hypothesis that electrons are ejected by -y-rays after the nuclear 
change in the atom has taken place, for at the moment of 
expulsion of the disintegration electron from radium B, the 
internal atomic structure of radium B corresponds to an atom 
of atomic number 82, and therefore these L X-rays must be 
generated by rays proceeding from the nucleus after the dis¬ 
integration has occurred. The bearing of these results on the 
determination of the wave-lengths of y-rays by Rutherford 
and Andrade is discussed by Rutherford and Wooster {loc. at.), 
who made a new examination of the soft y radiation in the 
mtural spectrum of radium B to settle with certainty whetW 
it should be ascribed to an element of atomic number 82 or 
85. They used a method similar to that of Rutherford and 
^drade with crystals of rock salt and calcite, and a radon 
tube as source. They found that the early measurements of 
^ L spectrum were subject to some unknown source of error 
and the more recent evidence was clearly in favour of an 
aimnic number 83. Additional evidence that y-rays are 
emitted after the disintegration of the nucleus is given by Elhs 
and Wooster, who compared the natural /8-ray spectrum ojf 
vadtum B with that excited in platinum. By taking photo¬ 
graphs of these spectra on the same photographic plate, th^ 
itMasured the difference in energies of the K levels of the 
jestitting substance and of. platiruimt and hence found 

of the rachoactive element einitting the T-iays. 
of these results on the /8-ray .type of disintm^tion 
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is discussed in a further paper by Ellis and Wooster (/oe. fU.), 
and in dealing with the continuous / 9 -ra]^ spectrum tney con^ 
dude that the disintegration electron is emitted from the 
nudeus with a varying velodty, but they advance no hypo¬ 
thesis to account for such an emission. 

Lise Meitner, who first put forward the above view of y-ray 
emission, deals in two recent papers {Hahn u. Meitner, Zeit. fUr 
Phys., vol. 34, p. 795, 1925, and Meitner, ibid., p. 807) with 
the / 3 -ray spectrum of radioactinium and its disintegration 
products. Radioactinium is a substance which emits a-rays 
and its / 9 -radiation must be regarded as secondary, i.e. it must 
arise by conversion of y-rays from the nucleus in the atom itself. 
It is consequently of interest to examine the /8-ray spectra of 
radioactinium, actinium X, and the active deposit when each 
of these substances is obtained separately and contains as little 
as possible of the others. Preparations of radioactinium, in a 
non-emanating state and containing only 0*5 per cent, of 
Actinium X, were obtained, and photographs of the /8-ray 
spectra were taken with exposures of various durations. Now, 
photographs with exposures of less than 24 hours’ duration 
should very approximately represent the /8-ray spectrum 
emitted by radioactinium alone, and those with exposures of 
longer duration should exhibit lines corresponding to the 
spectra of the various disintegration products. As controls, 
spectra corresponding to actinium X of 98 per cent, purity, and 
to the active deposit alone, were examined. The photographs 
are very interesting, for certain lines enter into those obtained 
with the longer exposures much more intensely, others less 
intensely in comparison, and new lines appear, and hence the 
lines corresponding to the various products can be found. 
Forty-nine lines were thus measured in the /8-ray spectrum of 
radioactinium, twenty-one in that of actinium X, and nine in 
that of the active deposit; but the last number refers only to 
the most intense lines of the active deposit. Thus radioactinium 
and actinium X must both possess a complicated 7-ray spectrum, 
although both emit a-rays. These experiments are particularly 
important because the nuclei of the parent atom and the dte- 
integration atom differ by two units, and these substances are, 
therefore, more suitable for the experimental examination of 
the question of the origin of 7-rays than /8-radiating substances. 
The results leave no doubt that y'rays are converted in the 
electron levels of the disintegration atom, »*.«. the 7-ray ek 
emitted after the disintegration has taken place. 

In view of the many theoretical discussions of the expedU 
ments of Bucherer on the variation of the mass of the eleebeA 
with velobity, a description of some preliminary results obtahaal' 

R. A. Tricker {Proc, Roy, Soe.t vol. 109, p. 384* il 0 
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interest. As a ready-^made source of /8-rays of great homo¬ 
geneity^ he used the lines emitted by radium B + C, whose 
velocities have been recorded with an accuracy of i in 500 by 
01 is and Skinner. He sent the /8-rays first through an accderat- 
ii^ and then a retarding electric field in a special focussii^ 
apparatus, and measured the traces formed on a photographic 
plate. The results obtained with rays of velocities up to o*8 c. 
a^e with the results of the theory of relativity, and the order 
of accuracy was the same as in Bucherer’s experiments. How¬ 
ever, by increasing the electric fields, future experiments will 
be earned out with greater accuracy. 


OSOXOOT. By G. W. Tyrksu., F.G.S., A.R.C.Sc., Ph.D., University, 

Glasgow. 

Geophysics and Geochemistry. —^Two books of extreme im¬ 
portance on the larger problems of the earth have recently 
appeared in this country. The first of these works. Dr. H. 
jem’eys' The Earth: Its Origin, History, and Physical Con¬ 
stitution (Cambridge University Press, 1924, pp. 278), is written 
mainly from the cosmogonic and geophysical point of view. 
Prof. J. Joly’s book on The Surface History of the Earth, how¬ 
ever, deals with geological history as a consequence of the 
radioactivity of the rocks (postea). 

A valuable feature of Dr. Jeffreys’ book for geologists is 
its clear discussion of such terms as solid, liquid, stress, elasticity, 
set, rigidity, strength, plasticity, and viscosity, which are so 
frequently misused. It is, of course, impossible to deal with 
a work of this magnitude in a paragraph or two ; and all we 
can do ^disregarding the important cosmogonic portion of 
the book) is to enumerate the topics which most directly 
concern the geologist, and in which valuable additions to, 
and clarifications of, ^owledge have been made. 

The principal geological topics discussed by Dr. Jeffreys 
are the physical constitution, age, and thermal history of the 
earth, the nature of isostasy, and the causes of mountain 
formation. We may quote part of the summary of the con¬ 
clusions on the thermal history of the earth : "... There is 
good reason for suspectii^ that the rocks in continental 
regions at a depth of 16 kms. are typically basic. . . . Furtho*, 
cooling of the earth since solidification amounts, at a 
depth of some 300 kms., to between 300“ and 300° C.; at a 
d^th of 700 kms. the coolii^ is as yet insignificant. Under 
tifo oceans the cooling must be somewhat greater at all depths. 
The idiysical significance of these results is that the ph^ical 
etide of the matter at great deptte can scarcely have chai^T^ 
ihEiOe s<dKiificatioB, and therefore it may be expected to mow 
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in some respects at least the usual properties of a HcpiM ^ 
namely, it should be capable of being deformed to any extent 
by a sWring stress, however small, provided this acted for 
a long enough time ; and it should be devoid of rigidity, and 
therefore unable to transmit distortional waves.” 

A long critical review by T. C. Chamberlin, dealing chiefly 
with Jeffireys' cosmogonical ideas, has appeared {Joum. Geol., 
M, 1924, pp. 696-716) ; to which Jeffreys has replied at 
length, affirming and amplif}dng his criticisms of Chamberlin 
and Moulton’s planetesimal theory (Amer, Joum. Set., 9 , 
» 92 S. PP- 395-405). 

A new book by Dr. B. Gutenberg {Der Aufbau der Erdt, 
Berlin, 1925, pp. 168) presents a general survey of the con¬ 
dition of the interior of the earth as so far known from the 
results of modern geophysical and geochemical investigations. 
The topics treated are grouped under the headings of seismo¬ 
logy, the figure of the earth, the internal distribution of density, 
chemical composition, and the cooling of the earth. A review 
by Dr. Jeffreys is to be found in Nature, January 16, 1926, 
p. 78. 

A very suggestive paper on the gedlogical effects of the 
condensation of the earth and the resulting acceleration of 
rotation, by the late Prof. J. Barrell, has appeared under the 
editorship of Dr. C. Longwell, one of Barrell’s students {Amer. 
Joum. Sci., 10 , 1925, pp. 408-32 ; 499-529 11 » »926, pp. 

27-41). This work, dealing in Barrell’s inimitable way with 
many of the earth problems treated by Dr. Jeffre3rs in The 
EarUt, was initiated by the reading of T. C. Chamberiin’s 
volume on The Origin of the Earth (1916), and was written in 
the same year. Its conclusions, as Dr. Longwell points out, 
would undoubtedly have been considerably modified if Barrell 
had had the opportunity of utilising the work of Jeffreys and 
Joly, especially in regard to the adequacy of the cooling hypo¬ 
thesis to account for the known shortening of the crust. 

The paper is divided into three parts: i, on internal 
stresses and changes of figure; 2, the spheres of the ea^ 
and their effects on the lithosphere; 3, on theoretical rela¬ 
tions to joint systems. The geological conclusions are that: 
” ... So far as stresses in the earth’s body are coiicernedi, 
those due to change of oblateness would appear to be wholly 
submerged beneath those due to change of volume. . . . Oh 
the other hand, it appears probable that planetary Straitti 
occur in the outermost shell of the crust, the zone of fract)^^ 
which may constitute one of the major factors in deterhuii^, 
the nature of regional joint systems.” Barrell gives 
for the existence of a zone oi burden or strength the 
epheffi extending frcmi 72a kms, to i|6oo kuis. dept^^^ 
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tlie asthendsphere or zone of weakness, the function of which 
Is to store up the stress produced by the progressive changi^ 
towards condensation in the inner earth. The akthosphere is 
thus supposed to exist between the asthenosphere, in which 
heat is generated, and a condensing core, the barysphere, in 
which heat is more probably absorbed. 

Adherents of the doctrine of isostasy have shown a dis¬ 
position to hold that the isostatic anomaly b due to irregu¬ 
larities near the surface of the earth. F. A. Melton, however 
(Amer. Joum. Sci,, 10 , igzSj PP- *66-74), puts forward con¬ 
siderations leading to the view that it may represent much 
greater irregularities in density within the outer 100 kms. or 
more of the earth, than has hitherto been thought. 

Prof. R. A. Daly’s recent work on “ The Pleistocene Changes 
of Level ’’ {Amer. Joum. Set., 10 , 1925, 281-313) is abo largely 
concerned with isostasy. The world-wide changes of sea-level 
in the Plebtocene were effected by the withdrawal of water to 
form ice-caps and its restoration to the oceans, and by 
elastic and non-elastic reactions of the earth to loads of ice 
and water, both positive and negative. Long delays or lags in 
isostatic adjustment occurred in which the elastic distortion 
of the globe was an important factor. 

Prof, Daly has imagined a " punching ” hypothesis to 
Mcount for the mode of dbplacement of the part of the crust 
immediately beneath an ice-cap. The failure of the earth 
^tor b believed to take place by distributed vertical shearing 
instead of lateral outward flow near the surface. The stress 


differences and shears are thus carried downward to a depth 
at which the low strength of the material permits yielding to 
take_ place by horizontal flow. In thb deep zone the flow 
continues until bostatic equilibrium b attained. Hence 
arises a broad basin of depression beneath an ice-sheet, and a 
relatively elevated tract outside it. With unloading, the 
gladated area and the elevated rim are alike immediately 
gifted by the elastic response of the crust; and the difference 
in elevation persbts until the rigidity has sufficiently decayed. 
Then comes the ultimate restoration of bostatic balance by a 
ieversal of the punchii^ process. 

A Study of the geotherms of the Lake Superior country by 
I^f. A. C. Lane (Bull. Amer. Geol. Soc., 84 , 1923, pp. 703-20) 
shows that while the average temperature gradient b one 
<|eg^ F. per 105 feet, in depth the gradient is steeper, namely, 
in 90 feet. This increase b ascribed to a warm wave 
at the surface 10,000 years ago, and b regarded 
««id^C0 of a milder climate between the Ice Age and tlw 
^e. Similar post-glacial heat-waves should be loolcod 
temperature records of other dpep wdb and 
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L. H. Adams {Joum. Wash. Acad, Sei., 14 ,1934, pp. 459 ^ 3 ) 
has discussed the temperatures obtain!^ at moi^rate depths 
udthin the earth, by determining the imtial temperature dis¬ 
tribution when the earth began to cool as a solid body. The 
calculation extends to 300 kms. depth, and is based on an 
initial temperature distribution arising from the crystallisation 
of a primitive peridotite magma from the bottom upwards. 
It is notable that Adams thinks it probable, in opposition to 
recent ideas, that a large part of the upper 3,000 kms. is crys¬ 
talline ; although the material at greater depths may be in 
the glassy state. 

Tne relation of the physical properties of natural glasses to 
their chemical composition is discussed by W. O. George (Joum. 
GeoL, 82 , 1924, pp. 353-72). The index of refraction and the 
specific gravity are closely related to the composition ; but 
fusibility, colour, hardness, solubility, and magnetism are 
found to be unreliable indicators of the nature of the glass. 
Alkalic glasses seem to show higher indices of refraction than 
subalkalic glasses of the same density. 

Prof. J. Joly has expanded his brilliant theory on the 
connection of radioactivity with the history of the earth’s 
•crust (see Science Progress, January 1924, pp. 382-3) into a 
volume entitled, The Surface-history of the Earth (Oxford 
University Press, 1925, pp. 192), with which is incorporated a 
report of his lecture on the same subject to the ^ological 
Society. This report forms a convenient summary of the 
book. As Joly’s theory has already been outlined in tlu»e 
notes, and as Dr. A. Holmes has written an excellent review- 
summary {Nature, December 19, 1925, pp. 891-3), there is 
little need for further comment, except to agree with- Hohnos 
as to the fundamental importance of the book for the major 
proHems of geology. The question of' continental drift as 
urged by Taylor and Wegener appears, however, to be accordesi 
much less notice in the book than in Joly’s earlier papers. 

The accumulation of new facts has shown that Dr. A. 
Holmes’s illuminating theory of the connection of radio¬ 
activity with the thermal histoty of the earth breaks down in 
one vital point, namely, that of the origin of vulcanism ; asMi 
he has therefore completely reconstructed the theory, and bps 
tinked it on to Joly’s conceptions {Geol. Mag., 
pp. 504-15 ; 5 * 9 - 44 ). 

Joly’s application of his theory to earth-history gives only 
three or four cycles of about 40 mUlion years since the bef^ 
ning of the Palmzoic, agreeing with his well-known detennmi|^ ; 
tion of the age of the earth from the sodium contast of 
ocean. Holmea, however, points out Uiat methods 
mdioacttvity give « figum of 60O miffion yesats |br iiiM!#: 
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lieriod : and, if this be accepted, many more than four cycln 
most have occurred. Periiaps the most fertile su^;estion in 
his paper is that the more prominent diastrophic periods 
(which Joly takes as marking his cycles) are really due to the 
superimposed effects of the radioactive accumulation of heat in 
a peridotite stratum situated beneath the basaltic layer, the 
thermal oscillations of which provide the normal cycle. Owiu^ 
to its smaller content of radium the peridotite stratum has 
undergone fewer cycles of fusion and solidification than the 
basaltic, but of much longer duration, so that its effects become 
prominent at the surface at long intervals, when it intensifies 
the effects due to the basaltic cycle. 

The radioactive methods of determining the ages of rocks 
have been discussed in a popular ihanner by Prof. A. C. Lane 
in a paper on Laurentian Problems and Atomic Disintegration 

i Trans. Canadian Inst. Min. and Met., 88, 1925, pp. i—25). 
le thinks there are reasonable prospects of determining the 
relative ages of different Pre-Camorian granites in this manner, 
and thus helping to solve the intricate stratigraphical prpblems 
of the Ginadian Shield. 

L. H. Adams and E. D. Williamson (Smithsonian Report 
for 1923, 1925, pp. 241-60) have assembled the principal 
sources of information as to the composition of the interior 
of the earth. Gravitational, geodetic, astronomical, and 
seismological data, together with the elastic constants of rock 
materials, provide the basis for an estimate of the density 
and composition of the earth at various depths. Notwith¬ 
standing the enormous pressures within the earth, rocks cannot 
be squeezed into a volume so small that their density would 
be sufficient to account for the high density of the earth as 
a whole. “ Beyond reasonable doubt the earth has a metallic 
core of iron or nickel-iron, the diameter of this core being 
about one-half that of the earth. Bordering the iron core, 
moreover, there is a fringe of mixed iron and silicate, and 
surrounding this is a silicate shell.” The earth, except for the 
practically negligible crust, is then composed mainly of metallic 
non and von-magnesium silicates, and consists almost entirely 
of the four elements ; iron, magnesium, silicon, and oxygen. 

Assuming the distribution of matter in the earth as sug¬ 
gested by Adams and Williamson, H. S. Washington (Amer* 
Jqurl*. 5 a., 9 , 1925, pp. 351-78) has attempted to calculate 
chemical composition of the earth as a whole from the 
pnaues of the core and the various shells, and utilising the 
probable estimates of their composition. The percen- 
of rile sixteen most abundant elements in order atb: 

; oxygen, XT’/! ; silicon, i4'53 '• magnesitim, 8*69 ; 
IMipsli, 3*16; cuautu, 2*52 ; aluminium, 1*79» sulphur, j 
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todium, 0*39; cobalt^ 0*23; cfairomium, o^ao; pota$slii% 
0*14; phosphorus, o-tt ; manganese, 007; carbon, ; 
titanium, 009. These elements are all of low atomic we^t 
and atomic number. 

Tectonics. —L. Kober has published a condensation of his 
views on the ori^n of the greater features of the earth’s crust 
(Gesialiungsgeschtchie der Erde, Berlin, 1925, pp. aoo), which 
were first given in detail in his Bau der Erde, 1921 (Sciencx 
Progress, January 1924, pp. 379-80). 

The object of S. von Bubnoff’s important paper on " Die 
Gliederung der Erdrinde ” {Forischr. d. Geol. u. Pal. Heft. 3, 
1923, pp. 84) is to systematise the individual crustal elemento 
according to their geological characters, by analyses of their 
epeirogenic, orogenic, and magmatic processes. He divides 
the crust into four main units: i, permanent continental 
blocks of constantly rising tendencies ; 2, permanent oceanic 
areas of constantly subsiding tendencies ; 3, feebly mobile 

shelf areas, varying between lowland and shallow sea ; 4, highly 
mobile geosyndinal areas, alternating between deep sea and high 
mountains. The ancient shields are continental blocks of the 
first order ; the remnants of the Caledonian, Variscian, and 
other mountain regions are blocks of the second order. Appro¬ 
priate European examples of each of these crustal elements 
(ex<»pt the ocean) are analysed by consideration of their 
epeirogenic and orogenic characters, their sedimentation, and 
their igneous history. Fundamental geotectonic questions 
such as rigidity and plasticity, the structure of subcrustal 
r^ons, and the relations of the accompanying igneous activity, 
are also discussed in an illuminating manner. Of especial 
value in this paper are the summaries of the geological history, 
diastrophism, and igneous activity of numerous European 
crustal units. 

In his Presidential Address to the Geological Society of 
London Dr. J. W. Evans discusses the characteristic of regions 
of tension in the earth’s crust {Q.J.G.S., 81 , pt. 2, 1925, i^. 
b^-cxxii). The evidence for tension is found in jointii^, 
sJip (normal) faulting, and in dykes and other characteristic 
igneous phenomena. Dr. Evans distinguishes between load 
and regional tensions, and goes on to discuss areas in vdii^ 
regional tension has been operative in post-Permian times. 
It is shown that the great N.W.-S.E. djrke-swarms of th^ 
West of Scotland must represent a considerable extensicra 
of the crust, possibly causing a total relative change of dfatan^ i 
between Central Europe and Western Britain of from 
twdive miles since Tnassic times. This drift is towards,'IMS 
oceanic deep naming to the N.W. from the l^y of Riiif 
to the Atlantic, the crustal blocks being caxried. 
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|»y the outward flow of the plastic layer beneath. A dis¬ 
cussion of the doctrine of isostasy in relation to the sM and 
sitna layers and the modes of intrusion and differentiation of 
magma, follows. The question of the origin of regions of 
tension is then dealt with, and leads to a favourable considera¬ 
tion of Wegener’s theory of continental drift ; for which, 
however, the sliding of land masses towards the hollow of the 
G^ntral Pacific is regarded as the most probable mode and 
direction of movement. 

R. T. Chamberlin has developed his wedge theory of 
diastrophism in an important paper (Joum. GeoL, 88, 1925, 
PP- 755-92). Studies of the depth of folding, laboratory 
experiments in faulting with analyses of stress-strain relations, 
and the bilateral S3rmmetry of many mountain systems have 
led to the conclusion that the wedge-shaped block is the typical 
form of compressed mountain ranges. The wedge shape and 
wedge dynamics can be applied to plateaus and the elevation 
and deformation of continents. Batholiths play but a secon¬ 
dary role in the wedge theory of orogeny. TTiey appear as 
the cores of the mountain wedges at a late stage of deformation. 
When in large volume, they may become an important auxi¬ 
liary agent in helping to drive the overthrust slices towards the 
margins of the wedge blocks. 

The relation of mountain building to igneous action is 
discussed by Prof. R. A. Daly {Proc. Amer. Phil. Soc., 64 , 
1925, pp. 283-307), utilising the hypothesis of drifting or 
sliding continents as imagined by Taylor and Wegener, and 
the analogy of solid crusts on moving lava streams (see Science 
Progress, October 1925, p. 216). The slipping of the crust 
becomes possible because it overlies a thick shell of hot basaltic 

J iass, as explained in a former paper (Science Progress, 
anuary 1924, p. 382). Mountain chains are regarded ^ 
compressed structures on the downstream sides of “ gigantic 
landslides.” Breaking tensions are developed on both the 
upstream and downstream sides ; and the magma beneath, 
rendered mobile by relief of pressure, is forced up the conti¬ 
nental fissures. In the orogenic zone the crust bends down¬ 
ward, and sometimes founders, with the generation of secon¬ 
dary magmas of the batholithic type. Surface vulcanism is 
explained by the rise of primary basaltic and secondary 
Jhagmas into the crust, with the emanation of juvenile and 
resurgent gases, which act as fluxes in volcanoes of the central 
t^rpe. 

Mtiamorphism.’-r^c may notice the publication by P. 
of the third and complete^ rewritten edition of Gruben- 
Der KriskiUimn Seniefer, under the title Die Gesteins^ 

‘ I. AUgemeiner Tdl (Berlin, 1924, pp. 539)' 
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The subject is treated throughout from the thermodynadiic 
and physico-chemical standpomt. 

In a paper on the origin of the foliation of syntectic rocks, 
H. L. Ailing (Atner. Joum. Sci., 8, 1924, pp. 12-32) comes to 
the conclusion that the foliation of syntectic rocite beneath a 
sedimentary cover is due to the superimposition of the bedding 
or foliation planes of the sediments upon the underlying 
igneous rock, resulting in a syntectic the foliation of which is 
parallel to these planes. 

N. L. Bowen has discussed and criticised the “ minera- 
logical phase rule.” introduced by Goldschmidt in connection 
with contact metamorphism {Joum. Wash. Acad. Set., 16 , 
1925, pp. 280-4). He points out that in all attempts to 
decide, on the basis of the number of phases, whether equi¬ 
librium has been attained in a metamorphic rock, it is essential 
to bear in mind the fundamental assumptions as to the number 
of constituents involved. 

Dr. C. E. Tilley discusses the various contact metamorphic 
mineral assemblages which may occur within the system 
CaO-MgO-Al, 0 ,-SiO, {Geol. Mag., 62, 1925, pp. 363-7). The 
assemblages may be classed into three groups : free silica 
hornfels, quartz- and carbonate-free hornfels, and quartz-free 
hornfels, with carbonates. 

The same writer has traced the successive metamorphic 
zones characterised by the entry of chlorite, biotite, and 
almandine respectively, into the pelitic rock types of the 
Southern Highlands of Scotland {Q.J.G.S., 81 , pt. 2, 1925, 
pp. 100-12). He shows that these zones succeed one another 
m order from S.E. to N.W. in the region between the High¬ 
land Border and the heads of Loch Lomond and Loch Fyne; 
and as they recline at low angles to the N.W. they are' super¬ 
posed in an increasing grade of metamorphism. It follows 
^according to Tilley’s view) that the metamorphic zones are 
mverted, and that the present structural sequence does not 
represent the disposition of the sediments when the meta¬ 
morphism took place. 

llie injection metamorphism of dolomitic limestone fd 
Cambro-Silurian age in the island region of Mdgster, south of 
Bergen, Norway, has been described by N. H. Kolderup 
(Bergens Mus. Aarbok, 1923-4, Naturvid. Raekke, Noi if 
64 pp.). The agents of metamorphism are the CaledontjKa 
granites and diorites, which have riddled the limestones 1^ 
small veins and dykes. Epidote gneiss has been formed % 
the interaction of the imeous rock and dolomite ; 
numerous sdicate minerals, including microdine, have 
developed within the mass of the dolomite. 

Dr. C. E. Tilley has described some / 
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fCW. Mag.t 98 , igzs, pp. iog-tS), including a chloritoid- 
an^usite schist from Ejre Peninstda, South Australia, and 
diloritoid'phyllites from Tintagel, Cornwall, and discusses 
the place of chloritoid in progressive regional metamorphism* 
Ghloritoid is stable over a very wide chemical and physical 
field. The mineral may develop at an early stage of meta¬ 
morphism, appearing in the chlorite zone ; but it also occurs 
in association with biotite, and in the still higher zone of 
almandine. Beyond this grade of metamorphism chloritoid 
gives place to staurolite. 

Physical Geology. —G. Slater has made a number of valuable 
observations on the rate of melting and the relationship of 
pressure to internal ice movement in the Nordenslddld and 
neighbouring glaciers of Spitsbergen (Joum. Geol., 88, 1925, 
pp. 408-46). A definite relation was established between the 
rate of melting of the marginal ice-cliffs and the air temperature 
at Bruce City and the Green Harbour Meteorological Station. 
For each degree Fahrenheit of average maximum monthly air 
temperature above F.P., the amount of retreat of the ice was 
0*5 feet. Directed and concentrated pressure was found to 
produce movement of nev^ ice along thrust-planes in the 
direction of pressure, with contortion and imbricate structure ; 
but with irregular movement or slides at right-angles to the 
direction of pressure. 

Dr. L. Hawkes describes certain patterns in surface deposits 
in Iceland, which are attributable to frost action with alter¬ 
nations of freezing and thaw {Geol. Mag., 61 , 1924, pp. 509- 
13). Among these phenomena are networks in days; growth 
of the curious knolls known as “ tuer ” in grass land ; the 
formation of stone rings in rocks which are being shattered 
by frost; the formation of similar rings in unevenly-graded 
deposits ; and the formation of shallow hollows in gravel. 
These patterns and structures may be preserved in sediments, 
and may then form valuable indications of ancient climates. 

The remarkable polygonal patterns found on the surface 
of the ground in Spitsbergen form the subject of a detailed 
paper by J. S. Huxley and N. E. Odell {Geogr. Joum., March, 
rp34, pp. 307-29). Two types of polygonal structure have 
Often l^n confused : i, polygons delunited by borders of lai^ 
stones and with centres of sticlty mud ; 2, polygons separated 
each other by cracks, and showing no differentiated dis- 
^butipn of fine and coarse materials between centre and 
pi^phery. These are respectively called stone-polygons and 
fitefore-pol3^ns. Under the latter tundra-polygons and mtid- 
^ttte-polygons are distinguished. The former are due fo 
fotipation of ice wedges in cracks; and the latter to 
t&awi^^ or drying oacks, or both. The 
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stone polyjgons are due to frost action operatii^ by differentiid 
comminution of rock materiali by lateral pressure often 
accompanied b^ differential transport, and by solifluction. 

A very detailed study of marine action and coastal forms is 
that by D. Johnson in his book, The New England—Acadian 
Shore Line (New York; 1925, pp. 608), The theme of the 
book is that the Atlantic coast-line of North America suffered 
a subsidence which culminated only a few thousand years ago, 
and that ever since it has remained stationary. The sub¬ 
sidence is traceable with increasing depth from Florida north¬ 
wards, and amounts to more than 1,200 feet. Consequently 
the whole of the eastern seaboard of North America is a 
drowned land with a youthful topographic expression. The 
banks off the coast are explained as old levelled land surfaces 
recently submerged. Hence the view that the continental 
shelf represents the base of storm-wave erosion is set aside. 

nnSXSTOBIO AmOXJBOXOOX. By J. Rbid Moir, F.G.S., F.R.A.I. 

The Proceedings of the Prehistoric Society of East Anglia, vol. iv, 
part ii, 1924, contains many papers of much interest to stu¬ 
dents of early man. Messrs. W. H. Cook and J. R. Killick 
describe (pp. 133-54) an important discovery of a workshop 
site of late St. Acheul date in the Medway Valley, at a 
place called Frindsbury, near Rochester. The chalk at this 
spot is overlain by a calcareous loam, and, in a depression of 
thb deposit, have been found seventeen artificial heaps of 
flints brought there by the ancient palseolithic people. The 
floor rests at about 4 feet from the present surface, and 100 feet 
above sea-level, and contained thousands of humanly shapdf 
flints, among which occurred hand-axes, and scrapers, of bte 

Acheul type—great quantities of flakes, some cores, and 
quartzite hammer-stones. These remains were entirely covered 
by a dark brown loam which it is thought may represent a 
remnant of the deposits laid down by the Medway when 
flowing. 100 feet above its present level. The number of 
artifacts recovered is upwards of 4.000, and the area excavated 
was about 400 square feet supei^cial. No organic remams 
were discovered, and the palaeolithic flints, which are: quite 
unabraded and sharp, exhibit varying colours ranging from 
greyish-white to blue, while some show the well-known " basket- 
work ” patination which is such a constant feature 
flints of this, and similar ages, in England, and upon the 
tinent. It is evident from this discovei^ that considerkfile 
geological cban^ have taken place since the Acheuleelt. 
huntm occufued the Medway Valley. In an ap|te(Uk 
paper Mr. Cook gives an abbreviated account ed tiw 
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tlie Hailing human skeleton of Aurignac age in the same valley. 

For many years past opinion has neen divided p to 
whether the Harrisonian eoliths occurred actually in situ in the 
big^'level drift of the Kent plateau, and it is therefore of much 
interest to note that the late Mr. de Barri Crawshay (pp. 155- 
63), by means of excavations carried out in this deposit, has 
shown that these specimens do indeed occur in it. A pit was 
sunk at South Ash (500 ft. O.D.), and the following section 
exited: humus i ft. 3 in. passing into grey, loamy clay 
which, at a depth of about 2 ft., becomes very ferruginous, 
with flints and some eoliths, massed at its base; at the 4>foot 
level occurs another closely packed seam of flints, and in it 
one or two eoliths were found; at 5 ft. 9 in. the clay becomes 
very gravelly, and was dug to a depth of 7 ft. 6 in. The speci¬ 
mens found by Mr. de Barri Crawshay are typical Harrisonian 
eoliths, being made from tabular-shaped pieces of flint, ex¬ 
hibiting rough flaking round the edges, which has given them 
a definite pointed form. No palseolithic implements of any 
description were found in the diggings. 

The presence of Upper Palaeolithic flint implements in East 
Anglia, though disbelieved in by some archaeologists, is being 
confirmed by many widely-scattered discoveries, and Prof, 
J. E. Marr, F.R.S,, describes (pp. 163-4) a burtn, or graving- 
tool, found by Mr. Frank Barclay of Cromer, upon the surface 
at Higham, Suffolk. This specimen, which shows that the 
graving-edge had been renewed by flaking, probably more 
than once, is in every way comparable with a burin figured by 
Comment and found at Renancourt near Amiens, and believed 
by him to be referable to a period between the cultural phases 
of Aurignac and Solutr6. 

Mr. J. E. Sainty (pp. 165-176) describes a flaking site found 
by him on Kelling Heath, near Weyboume, Norfolk. The site 
of the discovery is on the edge of the high ground overlooking 
the North Sea, and the ancient occupation level lay under 
to or II in. of surface material and rested, mainly, on the 
underlying glacial gravel. About 3,000 artifacts were taken 
away by Mr. Sainty for examination, and he concludes that 
^y represent a phase of the Tardenois culture which connects 
the end of the Palaeolithic period with that of the earliest 
Neolithic. Some of the Kelling specimens are very small and 
imnutely worked, but with them were found other and lazga: 
implements, oomprisii^ scrapers, prismatic tools, and a 
laTM oVal hand-axe, l^rther excavations at this site will be 
leoti^ for with interest. 

Mr. Leslie Armstrong (pp. i82-‘ao2) has been continuing 
Ids mEcavations at the famous flint mines at Grime's Graves, 
MfiV&dk, and records further discoveries in the archaic pits in 
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the chalk he has opened up in the dry valley at thb place. The 
. pits now being investigated are, it would seem, of a consider* 
ably earlier date than the majority situated in the nearby 
plateau, and, it is clear, exhibit a much more primitive manner 
of mining. Thus, they are smaller, and less symmetrical than 
the later excavations, and were dug out by means of pieces 
of bone held in the hand and used as picks, while the more 
experienced miners utilised the antlers of the Red Deer for 
this purpose. Further, the system of galleries radiating from 
the base of the main shaft, which is such a marked feature of 
the later pits, is almost entirely absent in the earlier examples. 
The flint implements recovered are not very numerous, but 
are chiefly of palaeolithic types, as is certainly the case with 
those recovered recently in some of the flaking sites at Grime’s 
Graves. 

Mr. J. P. T. Burchell (pp. 203-10) gives an account of the 
deposits he has investigated at Reculver, Kent, which appear 
to range in date from the Neolithic to the Early Iron Age. 

Mr. Cyril Fox (pp. 211-33) gives an interesting account of 
an Early Iron Age settlement at Abington Pigotts, Cambridge¬ 
shire, which was continuously inhabited from about 400- 
250 B.c. to probably the end of the fourth century a.d. 

All the above-mentioned papers are adequately illustrated, 
and the part under review well sustains the reputation acquired 
by this Society since its inauguration. 


BOVAITT. By £. J. Sausbury, D.Sc., F.L.S., University College. Londm. 

Anutomy .—From a study of various species of Selaginetta, 
C. W. Wardlow finds evidence that the size and arrangement 
of the steles in that genus are to some extent correlated with 
the size of the stem. Thus in general the number of steles 
present in the erect axis of 5 . lycdlii increases with its diameter, 
whilst the width of the median stele in polystelic types varies 
with the size of the axis. The polystelic condition is thus 
perhaps conditioned more by physiological necessities than by 
phyletic relationships {Trans. Roy. Soc. Edin., p. 281, 1925). 

Suppression of the vascular tissue, or a defective vascular 
supply in the nodules of Vida faba, apparently results when 
plants are grown in media deprived of boron {cf. Brenchley and 
Thornton, Proc. Roy. Soc., p. 281, 1925). 

The anatomy of the haustoria of a large species of CttseuM 
has been studied by Thompson {Trans. Roy. Soc. Edin., 'p. 
343 , 1925). Here, as in other species, the haustorium k pror 
ceded by a cushion whose central cells serve to penetiPlA 
the host. The haustorium itself, whidi is regarded asa mo^ftsd 
root, grows through this pre-haustorium and devttliopg 
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live processes which are interpreted as root hairs. These 

E recesses when they came in contact with the wood of the 
ost differentiate as tracheids, but no connection with the phloem 
was found nor were any phloem elements recognised in the 
haustorium. The tracheids would thus appear to perform a 
dual function. 

P. Tate, who has investigated the Broomrape {Orobanche 
hederce) (New. Phyt., Dec. 1925) finds that the sieve tubes of 
host and parasite join in an end-to-end manner, and that the 
xylems are connected by short tracheids. Germination only 
takes place in the presence of roots of the host, and the young 
plant appears to pass the first year below ground, coming up 
m the May following germination. 

An anatomical study of the cyathium of Euphorbia (Huper. 
Ann. Boi., Oct. 1925) confirms the view that it is a reduced 
cymose inflorescence. Each “ gland ” represents a pair of 
modified inflorescence branches fused with parts of the adjacent 
involucral bracts, whilst the disc beneath the ovary has an 
anatomical structure consistent with the view that it is a 
reduced perianth. 

Ecology .—Experiments carried out by Macintire and Shaw 
(Soil Science, Nov. 1925) indicate that the rate of leaching of 
calcium carbonate from the soil takes place more rapidly from 
the subsurface than from the superficial layers. An important 
paper by O. C. Magistad in the same journal (Sept. 1925) 
emphasises the part played by real acidity in determining 
the nature and amount of plant growth. It is shown that 
the solubility of the toxic salts of alumina is directly dependent 
on and proportional to the soil reaction. Only small quantities 
are present in solution between pH. 4*7 and pH. 7*8. The 
toxicity of soils more acid than pH. 5 is almost equally due 
to the direct effect of acidity and the indirect effect in rendering 
the alumina soluble. Strongly alkaline soils also contain 
considerable amounts of soluble alumina. 

Heilbrom (Svensk. Bot. Tid., pp. 153-69, 1925) has studied 
the osmotic pressure of various cushion plants growing in the 
Paramos of Ecuador where the soil temperature (3,650 m.) 
varies between 9® and—r3®*5 C. The annual variations of 
temperature are small, but the diurnal variations are lame. 
The lower parts of the matlike cushions die but, owing to rite 
low temperature, do not decay, and produce a phanerogamic 
equivalent to the sphagnum bog. The Paramos herbs have an 
average osmotic pressure of about so atmospheres, the bushes 
atmospheres. At the lower level of Quito the osmotic 

E ture of the herbs ranged from 12-21 ats. and of the 
(tt 25-J2 au. A series of peat samples from the Isle of 
aaiamiiied by Erdtman (Liverpool Geol. Soc., p. 158, 1925) 
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show a {M*eponderance of birch pollen and a small amount df 
pine pollen at the lower levels, whilst the higher levels contain 
pollen of hazel, alder, elm, and oak. 

Wlodek and Strzemienski have examined the hydrogen-ion 
concentration on a number of localities for various plant 
associations in Poland. Vaccinietum myrtilH showed a range 
of pH. 3•4-3*91, Dryadetum octopetalce 5*3-6*6, Nardetum 
sirictcB 3*8-d‘0. Pinus montana association on siliceous soil 
yielded 3'4-3'9, whilst on calcareous soils the range was 5’3-6’i. 
There appeared to be no relation between pH. value and altitude 
(Cracorie, 1925). , 

Experiments by Marie Dietrich on the transpiration of sun 
and shade leaves appear to indicate that “shade species,” 
even when growing in the sun, have a lower transpiration in 
relation to evaporation than “ sun species.” “ Shade indi¬ 
viduals ” have a larger transpiration per gram of fresh weight 
than equivalent “ sun individuals ” {Jahrb. f. wiss. Bot.). 

Taxonomy, etc. —New species of Compositae are described 
by Sherff (Bot. Gaz., Dec. 1925) and by Moore {Proc. Linn. Soc., 
Dec. 1925). In the Journal of Botany (Aug.-Dee. 1925) a 
large number of new species are described from Malay, These 
include members of the following genera : Ficus, Artocarpus, 
Conocephalus, Ammora, Ormoria, Wedelia, Pellionia (S. Moore), 
Eria, Calanthe, Phalcenopsis, Sarcanthus, Forbesina (a new 
orchidaceous genus), Ophiopogon, Forrestia, and Pinanga 
(Ridley). In the same journal for December Salmon and 
Wheldon furnish a useful clavis of the British species of 
Erythraea, of which they recognise eight as distinct. In the 
January number R. Good describes the geographical distri¬ 
bution of the species of Cassiope and Phyllodoce. It is suggested 
that the origin of the latter may have been in the mountains of 
America and that of Cassiope in the mountains of Asia. 

Cryptogams. —Magrou has investigated the endoph3rtic 
fungus which is present in the region of the midrib of Pellia 
epiphylla (Ann. a. Sd. Nat., Dec. 1925). He hnds that the 
sporophyte is generally free from the fungus, and indeed where 
the gametophyte is badly infected the fungus degenerates 
in the neighbourhood of the archegonia and sporophyte, sug¬ 
gesting an inhibitory influence. The fungus destroys the 
chloroplasts in the attacked cells. Uninfected thalh were 
successfully cultivated, on sterile media having an acid reaction, 
and attained to a larger size than infected thalli of coirespond* 
ing age; moreover, they exhibited continuous growth m 
contrasted with the intermittent growth of infm^ed thaJQL 
In the same journal .Amaud contributes a taxonomic study of 
the Asti^rinees. An enumeration of the l.eicesterriblre . 
Flora by Mbs Rich is concluded in the December 
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Botany, ftnd Paulson describes a new lichen belonging to the 
genus Anzia from Malay. 

Genetics .—^The transmission of white tissue in Pelargonium 
is, according to experiments carried out by Chittenden ((^netics, 
Nov, 1925), dependent on both parents, whilst in Hydrangea 
the inheritance of variegation is strictly maternal. The 
chlorophyll defect is attributed to extra-nuclear substance, 
possibly plastids, which in Pelargonium are probably transmitted 
by the pollen. Variegated seedlings of Hydrangea never 
occur. 

SOO^OOT. By Reginald Jambs Ludforo, D.Sc., Ph.D., Uoivenity 
College, London. 

The Macronucleus and New Morphological Characters in 
Infusoria .—^The macronucleus of the Infusoria has been 
regarded as controlling the various vegetative functions of the 
organism, while the generative function is under the control 
of the micronucleus. As the result of a study of the relation¬ 
ship of the macronucleus to the formation of short spurs on 
the spines of Diplodinium denticulatum, V, A. Dogiel concludes 
that the inherent tendency to the formation of spines is regu¬ 
lated and localised under the direct influence of the macro¬ 
nucleus. He considers that “ the case described gives con¬ 
vincing evidence of the bearing of the somatic nucleus on the 
origin and localisation of new morphological characters in 
Infusoria {Q.J.M.S., vol. 69, 1925). 

Spermatogenesis .—^The spermatogenesis of Peripatus is a 
problem of special interest, not only on account of the phylo¬ 
genetic position of this arthropod, but also because it has been 
^td that the spermatozoon is unique in that it is devoid of 
^oplasmic substance. J. BrontI Gatenby has therefore 
reinvestigated the spermatogenesis of Peripatus, emplojdng 
the modem technique of cytology. He finds that the sperma¬ 
tozoon has a true acrosome, which is formed from a Golgi body. 
Most of the mitochondria of the spermatid, but not all of them, 
go to form a “ nebenkern ” sphere, which is a reticulate forma¬ 
tion, closely resembling a nucleus in appearance. The middle- 
piece contains, in addition to a centrosome, a lipin part, probidbly 
derived from certain of the finer mitochondria left over vdien 
the “ nebenkern ” was formed (Q.J.M.S., vol. 69, 1925). 

A useful summary of the recent work on the part played 
bv mitochondria in sperm-tail formation is contributed by 
V. Nath to the same journal {Q.JM.S., vol. 69, 1925). Natn 
also records some onginal observations on spermateleosis m 
. taoths, scorpions, and centipedes, and supports Bowen’s inter- 
M^tm both with re^rd to the sperm-tail in moths and the 
;l»tiisatioii the mitochondrial nebenkern. 
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OSgenesis .—^An important contribution to our knowledge of 
the obgenesis of the fowl has been made by F. W, Rogers 
Brambell, who has succeeded in demonstrating for the first 
time within the oocyte of Callus, a typical Golgi apparatus 
surrounding the centrosphere. During oogenesis an extra¬ 
ordinary process occurs, which is so far unique: there is an 
extrusion of the Golgi apparatus from the follicle cells into the 
odcyte. Apparently, all the Golgi elements eventually break 
up into fine granules, which become scattered throughout the 
<^oplasm. Brambell suggests that these granules persist as 
such during maturation and fertilisation, and become included 
in the embryonic cells during segmentation. Later they niay 
give rise to the typical form of the Golgi apparatus by a process 
of condensation. During growth of the oocyte the mito¬ 
chondria increase in number. Later they collect to form a 
mitochondrial doud, inside which there arises the temporary 
mitochondrial yolk body. This eventually breaks up to form 
mitochondria that are scattered throughout the ooplasm. Most 
of the yolk is formed by the direct transformation of mito¬ 
chondria, although another kind of yolk is formed in vacuoles 
around each transformed mitochondrial spherule. It is also 
suggested that fat globules are formed under the influence of 
the Golgi bodies {Phil.-Trans. R.S., B, vol. 214, 1925). 

Brambell’s observations are supported by the previous ill- 
understood work of Marie Loyez, and the more recent work of 
Bhattacharya, on Reptiles, in a Th^e de Paris, 1925. 

Micro-injection Studies on Marine Eggs .—In a paper on 
“ The Hydrogen-ion Concentration and Oxidation-reduction 
Potential of the Cell-interior before and after Fertilisation and 
Qeavage,” J. and D. M. Needham describe an experimental 
investigation which they have carried out .with certain marine 
eggs, by means of the micro-injection technique. Altogether 
3 #300 eggs were injected with indicators, and these eggs included 
those of four echinoderms, one tunicate, and one poljrdhete 
worm. The internal pH of all the eggs studied was in the 
neighbourhood of 6 - 6 . No change was found on fertilisation, 
the pH remaining constant up to the sixteen-cell stage. The 
rH of the eggs varied more than the pH (between 19 and 22), 
but there was no difference on fertilisation, or cleavage, as fkr 
as the eight-cell stage {Proc. R.S., B, vol. 99, 1926). 

Placentation .—In a paper " Contributions to our Knowledge 
of the Structure of the Placenta of Mustelidse, Ursidse, am 
Sciuridse,’' A. Subba Rau has given an account of the fbrin 
and structure of the placenta in certain species, whicft ha^ 
not previously been studied {Proc. Z.S., 1925). Soitie tnt«ro|<H 
ing suggestions are put forward with r^rd to the 
of the placenta. The zonary type of plai^ta of tne £k)g and ; 
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Cftt is regarded as the primitive t3rpe of Carnivore placenta. 
The double-discoidal placenta of Putorius furo, and 2 ^orHla 
striata, Bxid the discoidal placenta of the Bear are considered 
to be derived from the zonary type, and to be of a more 
specialised character. The placenta of Xerus was found to 
be a simpler organisation than that of other Rodents so far 
studied. 

A start has been made in the study of the placenta in tissue 
cultures by V. PljeSakov, who has cultivated tissues of the 
placenta of the rabbit in vitro. The trophoblastic syncytium 
apparently degenerates, but giant cells are formed from the 
cellular layer of the trophoblast. These cells pass out into the 
culture medium {Jour. Expt. Zool., vol. 42, 1925). 

Secretion in the Epididymis. —^The origin of secretory pro¬ 
ducts in glandular cells has been the subject of a great deal of 
discussion. Recent researches have shown that the Golgi 
apparatus plays an important part in the process of secretion, 
and in many cases secretion granules or droplets have been 
found to form in intimate relationship with the apparatus. 
In a recent paper, R. J. Ludford has described the secretory 
process in the epididymis. Although the secretion first makes ’ 
Its appearance in the cells in the region of the Golgi apparatus, 
there are morphological changes in the other cell organs. Thus 
variations occur in the basophility and oxyphUity of the 
nucleolus, nucleolar extrusions take place, and there are varia¬ 
tions in the mitochondrial content of the cells. These changes 
emphasise the fact that the cell is a functionii^; unit, the 
integral parts of which are all concerned in physiological pro¬ 
cesses {Proc. R.S., B, vol, 98, 1925). 

The Problem of Connective Tissue Ground Substance ,— 
Those who have investigated the development of connective- 
tissue ^ound substances during embryogeny have expressed 
conflicting views as to its origin. The earlier workers con¬ 
cluded that the ground substance arose as an intracellular 

g roduct, by a transformation of cell processes. Recently, 
owever, evidence has been brought forward which indicate 
an intercellular origin. G. A. Baitsell has worked on thb 
problem with chick embryos. He studied serial sections and 
employed a modified form of micro-dissection. It was found 
that previous to the appearance of the mesenchyme cells, th«« 
is a transparent gelatinous, cell-free ground substance, which 
pervades the embryonic body from very early stages of develop¬ 
ment. At first this substance contains very few fibrils, but 
filter there is a progressive increase in fibrillation. Mesenthynm 
,4(9^ invade the fibrillated area, and Baitsell compares this 
to the movement of ceUs in a tissue culture set up in 
p'liiastha medium ({?./.Af. 5 ., vol. 69, 1925). 
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Essentially similar results have been arrived at by R. G. 
Harrison, who investigated the development of the balance 
in Amblystoma, by the method of transplantation. He says 
that " the balancer membrane thus affords a clear proof that 
connective-tissue fibres take origin in an amorphous ground- 
substance, independently of any direct action on the part of 
the mesenchyme cells” {Jour. Expt. ZooL, vol. 41, 1925). 

Ticks and the Spread of Cattle Disease. —Heart-water is a 
disease affecting sheep, goats and cattle in South Africa, and 
has been said to be caused by an ultra-microscopic virus which 
is transmitted by the bont-tick. E. V. Cowdry has succeeded 
in demonstrating that a gram-negative, intracellular coccus-like 
organism occurred in all cases of the disease, and was definitely 
rekted to the febrile reaction. Cowdry terms this organism 
Rickettsia ruminantium. It is a t5T)ical endothelial parasite, 
being restricted in distribution to the endothelial cells of the 
smaUer blood-vessels, and to portions of such elements which 
have broken off into the blood-stream. The same organism 
has also been demonstrated in the ticks which transmit the 
dbease. ” When larvae which had taken no food since hatching 
were allowed to feed upon cases of heart-water, they acquired 
Rickettsice which appeared to be identical with those in the 
tissues of animals suffering from heart-water, whereas control 
larvae hatched from eggs deposited by the same female and fed 
on normal animals remained free from Rickettsice. After larvae 
presumably infective had moulted, the resultant n3rmph* 
containing Rickettsice in their alimentary tracts, when fed 
upon susceptible animals produced in them typical attacks of 
heart-water, which the control nymphs, devoid of Rickettsice, 
failed to do.” Histological examination of the tissues of 
animals infected in this way showed the presence of the typical 
Rickettsice {Jour. Expt. Med., vol. xlii, 192$). 

Morphology of the Myxinoid Fishes. —F. J. Cole has published 
in the Transactions of the Royal Society of Edinburgh (vol. liv, 
1925) a further contribution to his series of studies on ” the 
general morphology of the Myxinoid Fishes, based on a study 
of M3rxine.” The principal interest in the present work is the 
description of the venous system, and the so-calledi veno- 
l}rmphatic spaces, upon which little work has been done hi 
the past. The mam anatomical relationships are clearly 
shown by means of excellent diagrams. 

■VTOMOXiOG'T. By J. Davidson, D.Sc., Rothamsted Expetiounktid 
Station, Harpenden. 

General Entomology. —^A brief survey of the history of Entihi^ 
logy is given by R. Adkin {Proc. South London Entom. Nat. 

Soc., i 934 -S» J*8-44), entitled, ” Entomology, Ant^nt 
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Freaent Day.” Concerning the Habits of Insects is the til 3 e of 
a book by F. Balfour Browne (The University Press, Cambridge, 
1925, pp. 1-166, 6 s. net.). This book is the outcome of a 
course of lectures '* adapted to a juvenile auditory ” delivered 
at the Royal Institution during the Christmas holidays 1924, 
and indicates the interest and pleasure to be derived from 
observations on and the collecting of insects as a means of 

g aining an insight into their natural history and habits : the 
nal chapter deals with the habits of insects in relation to the 
work of man. A. Barbey has brought out a second edition of 
his book. Train d'entomologie Forestiire (Berger-Levrault, 
Paris 1925, pp. xviii-f 721, 496 figs.), which first appeared 
about ten years ago ; the insects which cause damage to the 
more important forest trees are dealt with under the trees 
concerned ; a chapter on useful insects is included and a 
bibliography of six pages. 

The development of insects in relation to their environment 
is a subject of great biological importance, and the effect of 
temperature and its relation to humidity appear to be the 
most important factors. F. S. Bodenheimer {Bull. Soc. R. ent. 
Egypte, Cairo, 1925, 149-57) discusses this question in relation 
to predicting the developmental cycles of insects : the theory 
that the product of temperature in degrees centigrade and the 

S eriod of development in days is constant is disproved, and 
llunck has recently introduced a modified formula in which 


the product of the duration of development and the difference 
between the surrounding temperature and the critical cold 
point b considered as constant ; the time of development in 
relation to the surrounding temperature forms an equilateral 
hyperbola ; if for each of two temperature points on this 
hyperbola, the corresponding duration of development is 
known, it b possible to construct the whole curve, and for any 
other temperature point between the critical heat and cold 
point the corresponding duration of development is known. 
Thb cmestion b also dbcussed by the same author (CentrcJbl. 
Baht. Paras. Infekt., Jena, 1924, 474-80) and by £. Martini 

(Zeitschr.J. angew. Ent., xi, 301-5). 

J. H. Comstock has a second complete edition of his textbook 
..Aft Introduction to Entomology (Comstock Publ. Co., Ithaca, 
N.y., 1925, pp. xix 4- 1044, 1,228 figs.) : Part I of this work, 
iwhich deals with the structure and metamorphosis of Insects, 
first publbhed separately in 1919 ; Part II deals with the 
dlmffication and life histories of inserts, twenty-five orders 
Ibipg recognbed. A List of British Aphides (Longmans, Green 
London, 1925, pp. ix + 176,12s. 6 d. net.), by J. Davidson, 
feiies of Rothamsted Monographs on Agricultural Science, 
in the form of a species Ibt with the aphides of Britain, 
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their food plants and distribution as recorded in the Britii^ 
Isles, together with some notes on synonymy and a food plant 
index ; an extensive bibliography is also given. 

C. S. Elton {Trans. Enlom. Soc., London, 1925, 289-99) has 
some notes on the dispersal of insects to Spitzbergen ; of 
particular interest is the finding of large numbers of winged 
Aphides {Dilacknus piceoe (Pz.)) which apparently had been 
carried some 800 mUes from the Kola Peninsula, this being 
the nearest area where its food plant, spruce (Picea), occurs. 
The results of the collections of insects made by the third Oxford 
University Expedition to Spitzbergen in 1924 are given in the 
Ann. Mag. Nat. Hist., xvi, as follows : Diptera (Cyclorrhapha), 

J- Collin (332-7) ; Diptera (Nematocera), by F. W. 
Edwards (354-6) ; Coleoptera and Lepidoptera, by C. S. Elton 
(357-9), the collections made by previous expeditions having 
already been recorded in earlier volumes of the same journal. 

A Syllabus der Insektenbiologie (Gebr. Borntraeger, Berlin), 
edited by H. Blunck, with the assistance of many entomologists, 
is promised to appear in parts from time to time. Part I, 
dealing with a portion of the Coleoptera and consisting of 
136 pp., has appeared ; in a very abbreviated manner, with 
the aid of indication lettering, certain information is collected 
together with reference to the species, families, and genera ; 
the number of species and genera are given, and notes on the 
geographical distribution, habitat, food, etc., etc., of the adult 
and larvaj. The task is a very big one, and it will doubtless 
be a long time before the complete series of parts are published. 

An alphabetical list of the papers dealing with Indian 
Entomology, published during 1924, is given in Bull. 161, 
Agric. Res. Institute, Pusa, 1925, pp. 1-41. H. Gadeau de 
Kerville {Bull. Soc. Ent. Fr., 1925, No. 4, 75-9) has some 
interesting observations on experiments oh the regeneration of 
the antennae in Tenebrio molitor L. (Coleop.): after amputation 
of certain segments of the antennae, some individuals completed 
their development and the adults had completely regenerated 
antennae ; also with young individuals of the phasmid, Carasius 
morosus Br. of which either one or both of the antennae were 
partially or wholljr cut off, one or two individuals developed in 
which a tarsus with claws or other leg^features appeared in 
place of the amputated antenna ; in some cases normal regenera^ 
tion of the antennae occurred. The same author has a note. 
{loc. cii. 79-80) on some results obtained by the decapitatioid 
of the larvae of Vanessa urticee L. and Sericaria mori L.; jOf 
sixty cateroillars of the former species, after the head had 
been cut off at the time of nsrmphosis, one specimen comideated 
its development, but died without beii^ able to «aaage 
the nymphal sheath; it lacked a head, but had n<nrna^ 
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edbration. In the case of 5 . mori L., out of about 150 larvas 
<i«capitated at the time of nj^phosis, five individuals completed 
their development to the imago stage (without heads) and 
partially emerged from the nymphal sheath, and two laid e^. 
The author has made some earlier observations on this question 

! BuU. Soc. Ent, Ft., 1923, 229 ; 1924, 69), and also L. Cuenot 
C. R. Acad. Set., Paris, 1921, Stances April 18 and 25). 

Our knowledge of the migration of insects is somewhat 
scanty, and new records relative to this question are always 
of interest. C. B. Williams {Trans. Entom. Soc. London, 1923, 
207-33 ; 1024, 435^1) gives some records he has obtained 
and discusses certain aspects of the problems involved. 

Orthoptera. —W. N. Makalowskaja {Zool. Am., 1925, 64 , 
295-306) has some biological notes on Locusta migraioria L., 
with observations on the forms migraioria and danica. A paper 
on respiration in grasshoppers by M. O. Lee {Jl. Exper. Zool., 
J 92 S» 41 , 125-54) discusses the question whether respiration is 
produced by alternate influx and efflux of air through the 
spiracles or by a definite circulation of air through the tracheal 
system, some spiracles being concerned with inspiration and 
others with expiration. In nine species of grasshoppers ex¬ 
perimented with, the author found that the two pairs of thoracic 
spiracles and the first two pairs of abdominal spiracles are 
concerned with inspiration, while the last six abdominal spiracles 
have an expiratory function. The air is taken in through the 
former spiracles and pumped out through the latter, the valves 
in the anterior spiracles I-IV being opened during inspiration 
While the remaining spiracles are kept closed, the reverse 
taking place during esmiration. 

ColeopUra. —D. E. Fink {Biol. Bull., 1925, 49 , 381-406) has 
investigated the question of the storage of nutrient substances 
and the method of utilisation of these substances during the 


p^gmss of hibernation m the well-known potato-beetle, 
XapHnotarsa decemlineata Say : the phenomenon of hiberna¬ 
tion in insects is of great interest, as it may occur with different 
nteoies in practically any stage of the life cycle ; the author 
mods that in the potato-beetle preparation for hibernation 
fioilows a period of extensive feeding and consists in an accumu¬ 
lation in the adipose tissues of 29 per cent, of fat; the greatest 
depletion of fat occurs during the first few months of hiberna¬ 
tion, and in the metabolism of the fat body, the fat b replaced 
by altHOninoid granules and other products, the respiratory 
quotient being lowest during the first few months of hibernation 
Mud hbdiest at the teimination of the dormant period. 


tips diaracters of the immature stages of Indian Ceram- 
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bycids, with the view of eiuibling early larval stages of 
to be definitely determined ; the egg, immature and mature 
stages of the larva and pupa of three species of considerable 
economic importance are described, and the mature larvae of 
three other species. 

An account of the life-history and habits of the Death* 
watch Beetle {Xestobium tesselatum), which causes damage in 
the timbered roofs of old buildings, is given by H. M. Lelroy 
{Pubn. Society of Antiquaries, London, 1925, 1-8, 3 figs.): 
the beetles appear in May or June, emerging from dying o^ 
trees or from building timbers and the tapping sounds th^ 
make before mating is the origin of the popular name given to 
the insect ; the female may lay as many as eighty eggs in 
crevices of the wood, and the grubs burrow into the wood, 
where they feed and make tunnels which weaken the timber; 
in the third summer they come nearer to the surface and pupate 
and later in the autumn the beetles develop and emerge in 
spring, but in warm buildings sometimes earlier: the control 
measure recommended is to spray the wood with a fluid, which 
gives off a vapour, so destroying the grubs inside the tunnels 
and At the same time a thin film of poison adheres to the surface 
of the wood which kills the emerging beetles. 

The Curious coleopterous larvae which are found in the 
tropics, known as trilobite larvae, have been very little studied 
and their correct systematic position has been somewhat 
doubtful; the paper by E. Mjobeig (Psyche, 1925, 88, 119-^58) 
is therefore of especial interest, in tnat this author describes 
the first definitely known adult male and female of this group. 
Several forms from Borneo have been studied, a large numb^ 
of the insects having, been kept under observation ; it appear|i 
that in Borneo the trilobite larvae commonly met with are 
female larvae of Lycid beetles of various genera ; the fenuks 
are nepteinic in so far that when adult they retain complete 
larval characters, only differing in their organisation by possess* 
ing developed ovaries and a sexual duct and sexual opening ; 
the males on the other hand are well developed beetles ei^biting 
Lycid characters : copulation takes place in the normal maiu^. 
Several types of trilobite larvae found in Borneo are described 
and a new genus DuUticola erected with D. paradom li. 
of the family Lj^cidae. The author is of the opinion that up 
definite convincing statement regarding luminous Lydds b in 
the literature, although it has b^n stated that trilobite larvie 
are luminous. 

R. Jeaimel (Arch. Zool. Exp. et. Gen., 1-84) daUs 
the question of the morphology of the elytra in — 
the Adephaga. 

LepidopMa.-^A new organ found in certain 
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wyiGii was named Chsetosoma by K. Jordan ^ovit. Zool., 
t9»3, iSS-’-S) has been studied by H. Eltringham (tram. Entom, 
Soc,, London, 1935, 7-9): in Geometridse and Uraniidse it 
consists externally of two small patches of unsealed chitin on 
top of the head behind the antennae and a preliminary account 
of its structure is given ; its function is not clear. W. T. M. 
Forbes (Mem. 68, Cornell University Agric. Expt. Station, 1923, 
1-^739, 439 figs.) has a big paper on the Lepidoptera of New 
York and neighbouring States, the object of which is to enable 
these insects to be more easily recognised and to assemble 
information on their life histories: the Microlepidoptera, 
Pyraloids, and Bombyces are dealt with. J. H. Gerould (//. 
l^pert Zool., 48 , 263-86) describes a gynandromorph of 
CoUas eurytheme var. alba, the offspring of a white mother 
heterozygous for the dominant white female coloration and 
a father homozygous for recessive orange-yellow female colora¬ 
tion ; the left side of the body and left wings are completely 
male including a testis having ripe spermatozoa ; the right 
side is female having smaller eye, female colour pattern, an 
abortive oviduct, seminal vesicles, etc.; Morgan’s theory of 
lagging behind and suppression of a sex-chromozome in the 
first cleavage is a possible explanation of the gynander being 
ZZ or male on the left, and Z or female on the right, but an 
alternative h}rpothesis is advanced. D. E. Minnich (Jl. Expt. 
Zool., 48 , 443-469) shows by experiments with Vanessa antioba 
L. that the larvae respond to appropriate sound stimuli by 
throwing the anterior third part of the body dorso-laterally or 
dorsally : the response to sounds increases with the age of the 
larvae and the evidence indicates that the sense organs con- 
corned in this response are widely distributed over the body. 

, W.Speyer (Zeitschr.f. angew. Entomologie, 1925, 395-9) indicates 
the results of some experiments on the effect of arsenic on 
certain lepidopterous larvae: compounds containing arsenic 
are used as stomach poisons for destructive caterpillars and 
.^bs; the author’s preliminaiy results indicate that weak 
doses may, however, be beneficial in the case of certain diseases 
cf silk worm larvae. 

Hmmptera. —^Three papers dealing with Coccidae and aphides 
are : Inpkichi Kwana (Dept. Finance, Japan Imp. Plant, (^arcm- 
Urn Service, 1925, Techn. Bull. 3), the third paper on the 
Diaspine Coccidee of Japan ”; Takahashi R. (Dept. Agric. 
i^OVt. Inst. Formosa, Japan, 1925, Report 16, 1-65) on the 
** ^hididae of Formosa,” Pt. 4; P. W. Mason (Proc. U.S. 
Noli Mmeum, 1925,. 67 , 1-92}, a revision of the aphid genus 
Aw^iime^kora. The moiphology of the male genitaM id 
^JwhjnDiehc^ is the subject of a paper by H. Singh-Pruthi (Tram. 

Londaetf 1925,127-256), and the same author gives 
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an account of the development of the genitalia in some mctnilMMrs 
of this group {Quturi. Joum. Micr. Sd., ® 9 . 59-96). G. Teodoro 
(R^dia, 1925, 16 , 13-16) describes the hooking apparatus of the 
elytra and wings in certain Heteroptera. Seven new species of 
Heteroptera are added to the fauna of Galapagos Islands, 
twenty-one species being hitherto listed ; a new species of 
Halobates from neighbouring waters is also described by H. G. 
Barber {Zoohgica, 1925, 5 , 241-54). C. P. Clausen (Univ. 
California Pubns. Eniomolo^, 1925, 8, No. 2, 253-88) gives 
an account of the life-histories of the mealy bugs of the flpmpe 
and their natural enemies. A. Tullgren has published tne 
second part of his Aphidologischen Studien, the first part of 
which appeared in 1909 ; a new genus Gootiella with G. trgmula 
n. sp. is erected (Contrib. No. 280, Cmtralanstalten fdr fdrsdhsva- 
sendei p& Jordbruksomrddet, 1925, Entom. Adv. 44, 1-70). 

Hymenoptera.—A new volume in the Faune de Frea^ 
series by L. Berland (Paul Lechevalier, Paris 1925, pp. viii + 
364, with 663 text figs.) deab with the five families of the 
fossorial forms of wasp-like Aculeatcs, namely, SphegidjK, 
PompUidse, Scoliidse, Sapygidae and Mutillidae, some 450 species 
being described with generic and specific kejrs and biologist 
notes. A publication of the Ministry of Agric. and Fisheri^ 
{Misc. pubn., No. 44) gives a useful clear account of the seven 
species of wasps of the genus Vespa with a coloured plate of 
we species and notes on the life-history and biology. A. D. 
Peacock (Br. Jl. Expt. Biology, III, 61-84) gives a further 
account of his studies on parthenogenesis and sexuality in 
Saw-flies (Tenthredinidae). The Myrmicophiles found in asso¬ 
ciation with the tree-ant Acanthomyops {Donisihorpea) bruHmus 
Latr. include about thirty species of insects belonging to six 
different orders, H. Donnisthorpe {Entom. Record, 1925, 86 , 
121-2; 133-9). The parasite ma/t (Hald.) is attract¬ 

ing some attention in economic entomology because of its 
possible value in suppressing the well-known woolly apple 
whis, and R. Schander and O. Kaufmann {Zeitsckr. angM^ 
Entom., 1925, 11 , 386-94) ^ve an account of its introduction 
into Gennan;y from South America, together with certain 
details regarding its development. P. H. Timberlake (Wjwi. 
California Pubns. Entomology, 1924, 8, 223-51) dfscribei 
five primary and four secondary encyrtid parasite fOialr 
cidoidea) of. Pseudococcus maritimus and Tei Ishii (pepd. 
Finance, Intper. Plant Quarantine Service, Japan, Teckn. Ball,, 
8, 21-30) describes several species new to science finoin smde 
insects and a^des including a new genus Pareusemdon. 

Diptera.'-^, W. Edwards, in a paper on British 
philidse,, givte a revised generic clasnfication of the 
t«n sub-nwilies being recognised (Trans. Entom. 
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1934^ 505^^3) and a synopsis of the British Bibionids and 
Sbitopside {Ann. jU>pl. Biol. 1935, 18 ,363-75). An important 

e iper by S. W. rrost {Cornell Univ. Agric. Expt. Station, 
era. 78 , 1924, 1-228) deals with the leaf>mining diptera of 
N. America, llie mining habit is regarded as having developed 
from the scavenging habit; 287 genera and 589 species of N. 
American plants are affected by leaf-mining diptera and ii 
genera and 61 species of diptera are recorded ; biological and 
desoiptive accounts of these species are given and a list of the 
leaf-mining diptera of the world classified under the names 
of the plants and insects, together with an extensive biblio¬ 
graphy. 

A further volume in the Faune de France series by J. J, 
Kieffer (Paul Lechevalier, Paris, 1925, 1-138, 83 figs.) is a 
monograph on the Ceratopogoninae. T. W. Kirkpatrich {Egyp¬ 
tian Govt. Press, Cairo, 1925, pp. vi + 224) deals with the 
Mosquitoes of Egypt, being the results of a survey of that 
country undertaken at the instance of the anti-malarial Com¬ 
mission. There are comparatively few mosquitoes in Egypt; 
twenty-two indigenous species are recorded, six being new to 
the fauna and three species new to science ; the larvae and pupae 
of these species (except one) are here described and figured ; 
the fact that Egypt is surrounded by desert probably accounts 
for the comparatively few mosquitoes in the country, the 
areas where they are most prevalent being on the oases of the 
Western desert; the control measures undertaken by the 
Suez Canal Co. during the years 1901-3 resulted in the 
eradication of mosquitoes and the disappearance of malaria in 
the Ismailia area. 

Eight numbers of the important work on Diptera of E. 
Lindner, Die Fliegen der Palaearktischen Region, Stuttgart 1924, 
have appeared, the last four dealing with the Tabanidse. T. 
Pleske {mil. Ent. Soc. Fr., 1925, 166-7) describes a new dipteron 
S^aiioleptis czerskii belonging to a new sub-family Stratiolep- 
tinse, three males and tefi females having been found in Eastern 
l^beria^ I. M. Puri {Parasitology, 1925, 17 , 295-369) has two 
lengthy papers on the life-history and structure of the early 
stages of Simuliidse ; the habits of the larvse and pups are 
discussed and the external and internal anatomy of Simulium 
ndlleri Fried described ; a key for the determination of species 
pi British Simuliida; is given and the morphology of the larva 
and ptijM of several species described. The same author {Ann, 
Mag. Nat. Hist., 16 , 503-8) has a paper on the structure of the 
larval stages of Lepiohykmy^ eoarctata Fall. J. J. Roberts 
iAbin. Tfop. Med. and Parasitology, 1925, 19 , 81-9) ^ves some 
on Hippobosea eqnina in North Wales. This fly 
:iai<yit9ts tsases and cattle, but in that region it occurs almost 
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entirely on cattle: the presence of bracken with a plentiful 
supply of decayii^ humus is the normal habitat for the d^osi- 
tion of the larva and the presence of bracken, together with 
abundant sunshine, are important factors affecting pupation; 
the flies are generally found from May to August, mating 
occurring on the animals. L. G. Saunders {Parasitology, 1925, 
17 , 2 52-77) gives an account of the life-histoiy, morphology, and 
S5rstematic position of Apelma Kieff and Thyridomyia gen, nov, 
(Ceratopogonina). 

Other Orders. — A. new British shore-dwellii^ collembolon 
(Orchesella liUoralis is described by J. M. Brown {Ann. Mafi. 
Nat. Hist., 18 , 155-60), the known littoral forms of Britam 
now comprising about a dozen species. H. Womersley {Entom. 
Mo. Mag., 81 , 250-2) describes two new British Collembola, a 
new genus Proianurophorus being erected with P. pearmani 
sp. nov. G. H. Carpenter {Manchester Museum, 1925, Pubn. 
89) describes eleven species from southern New Zealand, a new 
genus, Plantanurida, being described. J. R. Denis {Ann. Soe. 
Entom., France, 94, 261-90) continues his studies on the Col¬ 
lembola of the Paris Museum. Indian Coniopterygida (Neurop- 
tera) is the subject of a paper by C. L. Withycombe {Mem. Dept, 
Agric., India, 1925, Entom. Ser., 9 , No. 1, 1-20), eleven new 
species being described. Another paper by the same author 
{Trans. Entom. Soc., London, 1924, 303-411) deals with some 
aspects of the biology and morphology of the Neuroptera, with 
special reference to the immature stages and their possible 
phylogenetic significance. 
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THE DETERMINATION OF STELLAR 
PARALLAX 

Bt D. L. EDWARDS, A.R.C.S., D.I.C., F.R.A.S. 

Chuf Assiiianit Th$ Norman Lotkyer Obsitvatoty, Siimouth 

An accurate knowledge of the true distances of the stars is 
of fundamental importance, either directly or indirectly, in 
many of the problems of modern astronomy. Such knowledge, 
for example, is requisite before anything can be known about 
the sizes of the stars, their masses, luminosities, space velocities, 
and other characteristics which in their turn are of vital 
importance in the study of stellar physics. In the more 
cosmical problems relating to the structure, history, and future 
of the Universe as a whole, individual stellar distances are 
equally necessary to the formation of any reasonable hypotheses. 
This importance of stellar distances was realised by astronomers 
even in olden times, and many attempts were made by them 
to measure or estimate in various ways the distances of bright 
a^s. These attempts for a long time met with no success, 
since the quantities to be measured required a precision far 
beyond that attainable by the instruments which were used. 
The method employed was the most obvious one of direct 
triangulation, in the manner of terrestrial surveyors, the main 
difficulty being to find a base line of sufficient length. It was 
speedily discovered that no terrestrial base could be of the 
slightest use in measuring such enormous distances, but with 
the gradual acceptance of the G>pernican theory of the ^lar 
S;^tem came the realisation that a base line of more promisi^ 
dimemions was available in the diameter of the Earth’s orbit. 
During an interval of six months the Earth moves from one 
point iti space to another 186 million miles distant (neglecting 
the motion of the Solar System as a whole), and the stars might, 
therefore, be expected to show a sensible parallax when viewed 
at intenrab of six months. The exbtence of this parallax 
was, indeed, regarded as the acid test of the Copemican hypo- 
thesu, and ^lure to detect it was r^rded by opponents of 
l^pdnucus as decbive evidence against the validity of his 

: 1!^ m were adopted in the attempt to measure a 
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star’s annual parallax (it may be mentioned, in passing, that 
this term* is used with the restricted meaning of half the nuud^ 
mum ai^ular dbplacement of a star due to the Earth’s chanfs 
of position in six months}. The most natural was the absolt^ 
method, in which a star’s apparent position was meas<^md 
either with a transit circle (giving the Right Ascension and 
Declination of the star), or by measuring its zenith distance 
with a zenith sector. The very large observational and instru> 
mental errors involved in this method made it quite useless for 
the measurement of such small quantities as stellar parallax, 
and even with the refinements of modern instruments of 
precision the method is very inaccurate for the purpose. Such 
attempts were therefore foredoomed to failure, though it b 
interesting to note that the great amount of work expended in 
this manner was by no means wasted, since it led to the import- 
ant discovery of the aberration of light by Bradley. The other 
method was based on the assumption that bright stars only 
appear bright to us on account jof their comparative nearness, 
and stars which appear to us as very faint must be at much 
greater distances than those which appear bright. Thus, if 
the position of a bright star is measured relatively to neigh¬ 
bouring very faint stars, the parallaxes of the latter may be 
regarded as almost negligible (owing to their great dbtances}, 
and the relative motion ef the bright star will give a close 
approximation to its parallax. This relative motion is measur- 
ame with much greater accuracy than is possible with absolute 
positions, but even so the early attempts in this direction only 
met with failure. Here again, however, the indefatigabm 
labours of Sir W. Herschel (who originated this method, and 
attempted to apply it by micrometrical measures of close pairs 
of stars differi^ greatly in magnitude) were rewarded by hb 
discovery of binary stars, which compensated for hb lack ti 
success in attaining the primary object of his great work. 

Success in measuring stellar parallax was not reached 
until 1838, when, by a curious coincidence, three obstfVen 
(Bessel, Struve and Henderson) publbhed results of their 
work more or less simultaneously. Each observer had been 
working independently of the others, by a different method, 
and on a different star, and the publication of their rmults—' 
the first direct measurements of stellar dbtances-^was « 
remarkable and important occurrence. Bessel, who waa 
probably the first in the field, found a relative pamlliax el 
0**314 (the value b given in seconds of arc) for the Star fit 
Cygni by measuring bs differentbl motion relative to certain 
faint stars with a hdiometer. This method, as will be eixplaiited. 
later, is probably the most accurate of any visual metbod, 
especially in the hands of a skilful obser^, and' SOsselb' 
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iKeWidt was of much higher accuracy than either of the other 
two, though the latter were of great value in indkatii^ a 
IffOtoble inner limit to stellar distances and serving to some 
extent to confirm Bessel’s result. ' Struve used the micrometer 
method, previously tried by Herschel on double stars. This 
also is a differential method, but the micrometer is inferior in 
practice to the heliometer in measurements of this kind, 
especially if the separation between the stars to be measured is 
gi^t. Henderson, by the absolute method using a zenith 
sector, was able to show that the parallax of a Centauri was 
rather less than one second of arc. This observation is interest- 
in view of the fact ^which has appeared from later observa¬ 
tions) that a Centauri is one of our nearest neighbours. The 
work of these three observers showed, therefore, that the 
measurement of stellar parallaxes might at last be regarded as 
a practical proposition, but that it necessitated lengthy and 
untiring observation, very accurate instruments, and a skilful 
observer in order to attain to any reasonable accuracy in the 
measurement of such minute quantities, since their results 
made it seem probable that no star has a parallax greater than 
i'‘o, or, in other words, that no star is nearer to us than about 
19 billion miles (giving “ billion ’’ its English meaning of 
a million million). 

At this stage it might be well to remark that the very 
great magnitude of stellar distances makes it inconvenient 
to express them in miles. In astronomical works they are 
usually given simply as parallaxes, and rarely in linear dimen- 
sirnis, a proceeding which possesses many advantages both to 
the practical worker and to the computor, in addition to 
economising space in printing. It is frequently necessaiy or 
desirable, however, to translate the parallaxes into linear 
distance, and several units have been proposed for this puroose. 
The “ Astronomical Unit " (i.e. the mean distance of the 
Earth from the Sun) has been used, but is very little better 
t|^n the mile in expressing stellar distances, its chief applica¬ 
tion being to dimensions within the Solar System. The 
" ^ometer," proposed by Charlier, is equal to i million 
astronomical units, corresponding to a parallax of o'' 306 , 
and the “ siriusweiter ” of Seeliger is of similar dimensions. 
These are more convenient units to use for the purpose, being 
.more comparable with the dbtances actually found. They 
■ imve not, however, found favour in general use; possiUy 
Wamse some stars are nearer to us than i siriometer, and it 
li mme convenient to have a unit smaller than the distance of 
neifrest star. The unit which is now generally adc^ted 
:imd' ^ superseded all othenH-«t least in techmmil 
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works—is the ** parsec." One parsec is the distance at which 
a star, would have a parallax of i second (hence tlie name}* 
It is, therefore, slightly less than the distance of the nearest 
star, and is about one-fifth of a siriometer, or about 19 
billion miles. It has the advantage of being easily derived 
from the parallax, since the distance of a star in parsecs is thf 
reciprocal of its parallax (measured in seconds of arc). In 
popular works on astronomy the unit the “ light-year " has had 
considerable vogue. It is (as the name implies) the distance 
which would be traversed by a ray of light in one year, movii^ 
with the velocity of 186,000 miles per second. This unit is 
of convenient dimensions, is very expressive, and appeals to 
the imagination, but it has not received the general support of 
professional astronomers in place of the more useful parsec. 

The work of Bessel, therefore, showed that 61 Cyg^, 
with a parallax of o‘'>3i4, was at a distance of about 3*2 parsecs, 
or lo light-years, while a Centauri appeared to be a little more 
than I parsec distant. This initial success was not followed 
by a very rapid increase in our knowledge of stellar distances, 
since the determination of individual parallaxes was stiU a 
lengthy and laborious operation ; but with the gradual improve¬ 
ment of astronomical instruments—especially followit^ the 
adoption of photography in astronomical work—a more rapid 
advance has been made. Our knowledge of stellar parallaxes 
is now much more accurate, though the number of directly 
measured stars has risen only to about i ,500. The direct measure¬ 
ment of a parallax is still by no means a simple operation, and 
the more distant a star the greater is the difficulty, since the 
instrumental and personal errors become greater than the 
quantity to be measured. For parallaxes of less than 0*01 
the accuracy at present attainable is scarcely sufficient to give 
more than very approximate values with large probable errors. 
We are thus limited in the knowledge derivable from direct 
measurement to the nearer stars (since stars within a radius of 
too parsecs must be considered as comparatively near neigh¬ 
bours) ; but work is being carried out along these lines in many 
modern observatories, particularly those of Allegheny, Dearbons, 
Greenwich, McCormick, Mount Wilson, Sproul, and Yerkes, so 
that our Imowledge of stellar parallax is increasii^ daUy both 
in accuracy and in numbers. 

Modern methods of determining stellar parallaxes hmly hh 
divided for convenience into the two main divisions 
mental and secondary methods, the latter being those 
require a preiiminaiy knowledge of the painlumei^ .ctf scp^ 
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^andard stars befcnre they can be available for obtainii^ others, 
fundamental division includes, first of all,‘the trigonometri> 
method, which has been briefly outlined above and which 
can be applied in various ways. This trigonometrical method 
will now be discussed in rather more detail, with especial 
reference to its modern developments. 

Absolute measures of a star’s position made either with a 
meridian circle telescope or a zenith sector are of very little 
use for determining a star’s parallactic displacement, as has 
already been remarked, and differential measures of a star 
in relation to faint companions are the basis of all modern 
methods of parallax work. The results give, of course, only 
relative parallaxes ; that is to say, the difference between the 
parallax of the principal star and the mean parallax of the 
comparison stars. The latter are chosen from among those 
stars which are very faint (without being too faint for accurate 
measurement) and which show little or no appreciable proper 
motion. If the choice is suitably made, the mean parallax of 
these stars is very small and can be approximately estimated. 
This mean parallax must be added to the relative parallax of 
the principal star in order to reduce the latter to its absolute 
value. It frequently occurs that negative parallaxes are 
obtained from differential measures of this kind, though a 
negative parallax is theoretically an absurdity. The apparent 
anomaly is due in such cases to the fact that the principal star 
is more distant than the comparison stars, or to a combination 
of this cause with instrumental and observational errors. 
In order to eliminate the effect of proper motion—that is, the 
apparent movement of a star due to the motion of the solar 
system as a whole, combined vdth the star's own " peculiar " 
motion—^it is necessary to make observations on at least three 
different occasions separated by intervals of six months. In 
the third of these observations (which will be one year after the 
first), the parallactic effect will ne zero and any displacement of 
the star will be due to proper motion. Havinv determined this 
motion, a correction can be applied to the results obtained from 
the second observation in order to deduce the parallax. 

The measures may be made by a variety of instruments. 
The transit instrument, for example, by giving the exact moment 
of time at which the stars cross the observer’s meridian, may be 
used to determine differences of Right Ascension between the 
jnincipalstar and its companions. If this difference is observed 
rtgttlarly throughout the year the effect of a star’s parallax 
dn its apparent R%ht Ascension can be extracted. From this 
in Right Ascension it is comparatively simple to 
the true annual parallax. The method is one, however, 
great practical dHSeulties, although it hat been 
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used with a certain amount of success by Kaptevn, Flint, 
and others. Flint in particular devoted a considerable amount 
of time to the problem of eliminating as far as possible the errors 
inherent in the method and brought every possible refinement 
to bear in the use of his instrument for this purpose ; but in 
spite of his skill as an observer and his special experience in 
this particular work, Flint's results cannot be compared in 
accuracy with those obtained by other methods. They are now 
only used with caution, together with others obtained from 
meridian observations, and the method is very little used for 
parallax work. 

Two other instruments are available for visual observations 
—the micrometer and the heliometer. The former consists 
essentially of two spider threads movable by means of a 
graduated micrometer screw and placed in the focal plane 
of the telescope objective, so as to be visible simultaneously 
with the star images. These threads are moved by the 
thumb-screw until each of the images of two stars whose 
separation is to be determined is bisected by a thread, when the 
separation (given by the micrometer scale) may be reduced 
to angular measure by a simple calculation. This operation is 
far from being as simple as it might appear to the uninitiated ; 
and requires, indeed, very great skill and experience to be 
performed accurately. The telescope is not rigid, and the 
bisection of a star's image is only of momentary duration, while 
the stars (unless very close) must be observed alternately by 
the operator. The micrometer is of very great use in double¬ 
star astronomy, where the separations to be measured are very 
small, but with the greater separations usually required in 
parallax work it becomes unreliable and inaccurate and has now 
been discarded for this purpose. 

By far the most accurate instrument for visual purposes is 
the heliometer. It was the instrument used by Bessel in his 
observations of 6i Cygni, and has since been used vidth coA«- 
raicuous success by other observers, notably the late Sir D. 
Gill and W. L. Elian. In this instrument the object-glass of 
the telescope is divided diametrically into two halves, one of 
which can be moved relatively to the other in a direction parallel 
to the dividing diameter. The object-glass can also be ,rotated 
as a whole round the optical axis of the telescope. When the 
two halves of the objective are in juxtaposition, the telescope 
functions normally; but if they are relatively displaced, t^ 
separate images of each star are fohned (one by each portiod of 
the objective), and objects will appear duplicated to the cd»seryer. 
One of th^ images will be fixed and the other movaldii ^ 
s<maration between them dependii^ on the distance ihrotiirh 
wnidi the movatfie porthm of the object-glass has been^ssbv^i 
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An dbs^ation is made by first rotatii^ the object-glass until 
the dividing line is parallel to the line joining the two stars, and 
^n adjusting the movable half until one star appears super- 
inq>osed on the other (the movable image of one star being 
bro^ht into coincidence with the fixed image of the other). 
It is evident that such an observation is more easily and^ 
a^urately made than that required by the micrometer. Any’ 
slight motion of the telescope will move both star images 
ec^ually and will not affect their coincidence, whereas in the 
micrometer a star appears to be continually oscillating to 
either side of the dividing wire and the estimation of bisection 
has to be made rapidly. Moreover, with the latter instrument 
two pairs of objects must be observed, as nearly simultaneously 
as possible, while with the heliometer only one coincidence has 
to be noted. The heliometer therefore, in capable hands, is 
the best instrument that has yet been devised for visual observa¬ 
tions of a star’s parallax, and the results obtainable with it are 
only slightly inferior to those given by the photographic plate. 

The introduction of photography was the starting-point 
of a rapid and striking development in almost every department 
of astronomy, including that of stellar parallax, to which 
photography was first applied by Pritchard in 1892. The 
labour 01 observation was greatly reduced, while the accuracy 
of the method now exceeds even that of the heliometer. It is 
evident that if a photograph be taken of a star, together with 
the surrounding field, the plate may be examined at leisure. 
The distance from the central star of as many stars as are 
required may be measured under a microscope, and these 
measures may be checked at any future date by repetition, 
whereas visual observations, once made, stand on their own 
merits and cannot be tested afterwards. In actual practice, 
however, the method is more complicated than it appear at 
first sight—^as is usually the case in astronomical observation— 
and the work involves numerous practical difficulties. To quote 
Sir D. Gill, “ , . . every preconceived source of possible error 
has turned out to be a reality," and these '' preconceived 
sources " are by no means few in number. One of the most 
teportant is that known as the guiding error. It is difficult, 
if not impossible, to guide the telescope so accurately that the 
fttcUar images remain at exactly the same spot on the photo¬ 
graphic plate throughout the.exposure, and any slight excursion 
of these images from their mean position will tend to produce 
aft‘ diongated impression on the plate instead of one truly 
cjvitidai^. Hence difficulties and errors will be introduced in the 
*;AMiAraa^ettts. This elonmtion, moreover, depends on the 
iliiilpidlilides of the stars ^otogiaphed, since for a very lidot 
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star the light may not be suiBScientl)^ powerful to leave any 
appreciable impress on the plate during the brief excursiotss 
from the normal position, while for bright stars the effect will 
be strongly marked. Thus the principal star, which is of 
necessity brighter than the comparisons, will show a relative 
spurious displacement, and so give rise to serious error. The 
let^h of exposure will naturally affect the amount of this 
displacement, so that telescopes with large apertures possess 
a great advantage over smaller instruments in the shorter 
exposures which they require ; but even when the exposure is 
reauced to a minimum and the guiding made as mechanically 
perfect as possible, the effect is still noticeable. The difficulty 
has been overcome by artificially reducing the brightness of 
the central star, while leaving the others unaffected, thus 
greatly reducing the elongation as well as equalising it for all 
the stars concerned. This artificial reduction has been per¬ 
formed in several ways. Russell used a piece of glass, so placed 
that the light from the stars had to pass through it before 
reaching the photographic plate. On this was a small spot 
of yellow stain, and the glass was so adjusted that the stain 
just covered the image of the central star, whose light was thus 
rendered equal to that of the comparison stars before being 
photographed. Other observers have used screens of different 
types, but the method now generally adopted is to use, in place 
of a screen, a small rotating shutter, consisting of a disk in 
which is an adjustable sector-shaped opening. By rapidly 
revolving this shutter in front of the central star and adjusting 
the opening to suitable dimensions, the magnitude of the star 
may be reduced to any desired value. The fact that the 
opening is cut in the form of a sector of the disk causes the 
percentage reduction of the star’s light to be the same at 
whatever speed the disk may be rotated or at whatever distance 
the star’s image may be from the centre of the disk. 

In addition to the above precaution, which has been 
explained at some length on account of its vital importance, 
there are other general rules to be observed in order to eliminate 
as many sources of error as possible. For example, the com¬ 
parison stars should be as symmetrically placed with resp^ 
to the central star as possible, the photographs should be taken 
when the star is as near as is practicable to the meridian, <utd 
the phot(^aphs at different epochs should be taken under 
conditions (both instrumental and atmospheric) which are 
as similar as possible. In practice, three or four plates are 
usually taken at each of the three epochs in order to vdhtidii 
the best possible results. These plates are measured ;^ 
a medSurii^ nncroscope, the rectai^lar plate co^'OrdhMdfeir !ef 
the stars having to be reduced to Right Ascension and 
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tioa by a simple formula. The differential displacement of the 
principal star must then be corrected for proper motion of the 
stars, aberration, instrumental errors, and other factors; and 
finally, the relative parallax may be reduced, as previously 
explained, to its absolute value. The correction to reduce to 
absolute parallax depends mainly on the magnitude of the 
comparison stars. For most of the modern instruments 
engaged in this work it amounts to o'-oo4 or o'oo5, but for the 
great loo-inch telescope of the Mount Wilson Observatory 
(which is able to use fainter stars) the correction is probably 
nearer to o*‘ooa. 

On account of its great advantages over visual methods, 
especially in the reduction of the labour involved, together with 
the greater rapidity and accuracy of results obtainable, the 
photographic method is the only one used extensively for direct 
determinations of stellar parallax at the present time. It is, 
however, limited in its scope to comparatively near stars. 
For parallaxes smaller thano'*oio the probable errors become 
et^ual to or greater than the parallaxes themselves, while for 
still smaller parallaxes the results are practically valueless 
individually, though they may still be of some use in giving the 
mean distance of a group of stars whose parallaxes have been 
observed in this way. Fortunately, there is another funda¬ 
mental method of determining stellar distances which, although 
indirect and based on an assumption that may occasionally 
be unjustified for individual stars, is nevertheless a very valuable 
means of increasing our knowledge of stellar parallax. It is 
founded on the theory of “ moving clusters,” the fundamental 
data required being measurements of stellar motions. 

The observation of a proper motion is one subject to far less 
uncertainty than that of a parallax. The amount to be deter¬ 
mined is cumulative instead of being periodic, so that the accu¬ 
racy with which proper motions are known increases with time, 
and there is now a considerable body of accurate knowledge of 
such motions. Now, it has been noticed that in certain regions 
of the sky the proper motions of a number of stars appear to con- 
vetge towards a definite point on the celestial sphere, and to be 
i^p^iroximately equal in amount for the individual stars con¬ 
cerned. This at once suggests the idea that these stars are 
moviw together in a group, the apparent convergence beit:^ 
the !^KCt of perspective. Each star, according to this hypo- 
tlieiiis, is moving with equal velocity and in a parallel path to 
theiw of its companions, the whole group being an independent 
cluster ” not related in any way to the neighbouring 
do not share in its motion. If only two or three 
this similarity of motion, the eS&A might be attributed 
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to coincidence, but this can scarcdy be the case when a comidar* 
able number of stars is involved; in fact the movis^-clustcur 
h3rpothesis becomes the only possible explanation in many 
cases, such as the Taurus cluster, discovered by Boss. For thte 


^oup it has been shown that if we assign to it a reasonable age. 
Judging from the spectral types of the stars, then the individual 


velocities must agree to within a small fraction of a kilometre 


per second in order that the stars should remain a compact 
group as observed. The hypothesis is further strengthened 
by the fact that the stars nearer to the point of convergence 


show smaller apparent velocities than those farther away, as 
would be expected from the foreshortening. If, then, we 
may assume that the stars are moving as described, some 
important results follow. All that is required is the radial 
velocity of at least one of the stars in order to give us the 
parallaxes of all. This radial velocity is of course determined 
in linear measure (kilometres per second), which we can resolve 
along the known direction of motion (obtained from the known 
convergent point), thus giving us the true linear velocity of 
the star and hence of every star in the group. From this known 
total velocity of any star it is an easy step to calculate the 
velocity transverse to the line of sight; but this is the proper 
motion of the star, which is already known in angular measure, 
so that the distance of any star in the group may be obtained. 
The greater the number of radial velocities which are known, 
the greater is the accuracy of the results, and in cases of well'* 
authenticated moving clusters this is one of the most accurate 


methods which is available for determining stellar parallaxes. 
It is of course possible that an individual star, by reason of a 
coincidence in its apparent motion, may erroneously be included 
in the cluster ; but such a case can frequently be detected from 
dissimilarities of the star in other respects (such as spectral 
type) or from the absurdity of the resulting parallax. 


§ 

So far we have considered methods which are fundament^, 
in the sense that the results are derived directly or indireddv 
from observed data without any knowledge or assumption Wma 
regard to the distances of any other stars. The number 
parallaxes which can be measured by these methods is, as htA, 
been pointed out, very limited ; but the information thus 
tained can fortunately be used as the foundation of bthstf 
methods by means of which our knowledge of stdlar disfxniees 
can be largely increased. 

The fint of these secondary methods to be cbnsidet# # 
one devised by Adams and his odleagues at the Mqum 
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'Observatcny, known as the spectroscopic method. It rests 
im the fact that a star’s apparent magnitude does not of itself 
give any indication of its absolute, or true, magnitude, since a 
vety blight star if at a great distance will appear to be very faint 
and vice versa. A knowledge of a star’s distance, therefore, com¬ 
bined with its apparent magnitude, is required in order to give 
its absolute magnitude ; conversely a knowledge of both the 
absolute and apparent magnitude will give the star’s distance. 
Now, the causes which affect a star’s absolute brightness—such 
as size, mass, temperature, and state of ionisation of the 
elements in its atmosphere—might be expected to affect their 
spectrum, and this is exactly what Adams found. The absolute 
magnitudes of stars which are at the same temperature are 
intimately connected with the degree of ionisation of their 
elements. Thus a “ giant ” star of t3rpe G for example, although 
at approximately the same temperature as a “ dwarf” star 
of the same spectral type, may be several magnitudes brighter 
(absolutely) than the latter. It is enormously greater in 
volume (the density being correspondingly small) and the 
ionisation in its atmosphere is more complete than in the 
dwarf star; hence the ionised lines of some elements will be 
stronger in the spectrum of the brighter star. By examining 
stars of known absolute magnitude Adams was able to demon¬ 
strate and give a quantitative value to this relation between the 
intensity of certain ionised lines and the absolute magnitude of 
the star in which they originated. He made eye estimations 
of the intensities of suitable lines (such, for example, as the 
Sr+ line at A 4216) on an arbitrary scale, in which the faintest 
line visible was given the intensity i and the strongest was 
called 12. These estimations were made in the spectra of stars 
whose parallaxes (and hence absolute magnitudes) were known ; 
so that he was able to plot the estimated intensities against 
absolute magnitude in order to obtain a curve expressing the 
relation between the two. This curve, once established, could 
be used for other stars. ’Thus the intensity of the necessary 
line was observed in the spectrum of a star, and reference to the 
curve gave the star’s absolute magnitude from which the distance 
or parallax could at once be derived. Each suitable line 
in the spectrum gave an independent value of the parallax^ 
Whfle these determinations were multiplied again by the 
iminba: of photo^phs available. Finally, the mean of all 
cIk results thus obtained gave an accurate value of the star’s 
parallax. 

V It is evident that the intensity of a line as observed in the 
imotographed spectrum of a star will vary neatly according 
^ length of exposure, treatment in developing, and other 
O llpi ffitipn s^ so that absolute measures of individum intensities 
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are useless. Every line will, however, be nearly e<}ual]y 
affected, at least within a small range of wave-length, and in 
practice the intensity of a variable line is measured relatively to a 
neighbouring standard line which does not change with absolute 
magnitude. This difference of intensity will be unaffected by 
the above conditions and is the quantity actually correlated 
with absolute magnitude in the standard curves. Another 
possible source of error lies in the fact that all the spectral lines 
vary in intensity with spectral t3T)e, and in order to eliminate 
this effect the standard reduction curves must be made separ¬ 
ately for each type of stellar spectrum. 

The advantages of the spectroscopic method are obvious. 
When once the standard curves are established, all that is 
necessary for the determination of a star’s distance is a single 
photograph of its spectrum, so that parallaxes may be obtained 
veiy much more rapidly than with the trigonometrical methods 
which require an interval of at least six months. With regard 
to accuracy, this does not depend (as in the other methods) 
on the distance itself. Provided a distant star is bright enough 
to be photographed, its parallax may be obtained with the same 
percentage error as a near star. For stars of very small parallax 
this means that the actual error is correspondingly small, and 
the method will therefore be more accurate than the trigono¬ 
metrical method, though for near stars the latter is the more 
accurate. The accuracy depends, first of all, on that of the 
standard curves—that is, on that of the original parallaxes on 
which the method is founded. It also depends on the accuraQr 
with which the estimations of line intensity are made, and on 
l;he possible influence of unknown causes on the line intensities 
themselves. It has been shown that the reduction curves are 
only strictly applicable to stars whose mass is the same* as the 
mean mass of the original standard stars. If a star's mass 
differs from this mean value, there will be a slight error in the 
deduced parallax, though the amount of the error is not voy 
great. 

Adams’ spectroscopic method has been used, with slight 
modifications, by several other observatories. The modifica¬ 
tions are mainly in the manner of measuring the line intensities, 
which were originally estimated by comparison with standard 
spectra. At the Norman Lockyer Observatory a wedge of 
neutral-tinted glass is in use, designed by the Director, Dr. 
W. J. S. Lockyer. This is moved slowly over the spectnfim 
until the line under observation just disappears, when, the 
position of the wedge gives a measure of the line’s intensity. 
A preliminary investigation by the writer showed the value 
this wedge for parallax work and the possibility of obtaioilliff 
the necessary reduction curves by its aid. It has skuoe 
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used by Riininer in the measurement of more than a thousand 

E arallaxes. At the Victoria Observatory, Harper and Young 
ave adopted a different method in which is used a comparison 
scale of artificial lines formed by photographing fine wires with 
varying exposures. They have recently published a list of 
1,105 spectroscopic parallaxes based on line intensities estimated 
in this way. Among other observatories undertaking this type 
of work may be mentioned Harvard, Arcetri, and Stonyhurst. 

The method as outlined above is only applicable to stars 
in which the enhanced metallic lines are sufficiently prominent. 
In other words it is limited to stars of types F, G, K, and M. 
The A-type stars show few lines in their spectra suitable for the 
purpose, and have been treated by Adams in a different manner. 
He found that spectra of type A could be divided into two classes, 
according to the sharpness or diifuseness of their lines. An 
examination of their absolute magnitudes showed that stars 
with sharp spectral lines were brighter than the other class, 
the difference being, on an average, about half a magnitude. A 
further relation was found between the subdivision of spectral 
t3^e and absolute magnitude, a systematic decrease in lumin¬ 
osity being evident in proceeding from Ao stars down to A9. 
Therefore, by carefully classifyitg these stars, both as regards 
the character of their lines and the subdivision of their type, he 
was enabled to obtain their absolute magnitudes, and hence their 
parallaxes. The method is open to some criticism, and is 
jprobably not so accurate as the method for stars of later t3rpe ; 
but considering our present scarcity of knowledge regarding 
stellar distances, any information is valuable, and this method b 
at least of use in giving mean parallaxes of groups of stars as 
well as approximate values of individual parallaxes. 

The B-type stars possess the further disadvantage of being 
so remote that trigonometrical parallaxes are both scarce and 
inaccurate ; in consequence of which there is little information 
available upon which to found a spectroscopic method. There 
are, however, some moving clusters of B-type stars ; and 
pandlaxes from these sources, together with such trigonometrical 
parallaxes as were available, were utilised by the writer in an 
attempt to extend Adams* original method to these stars. 
A relation was obtained between absolute magnitude and the 
intensities of helium lines of the 1P — wD series, which gave 
curves suitable for obtaining further parallaxes. The variation 
of these lines, however, with spectral type, and the nature 
of the standard parallaxes whira were available, render the 
results of less accuracy than those for metallic line stars. 
Keuty simultaneously with this investigation, a list of parallaxes 
vdf ^l^e stars was publbhed by Adams, using the method 
iMTevioNsfy adopted by him for A-type stars, and based on 
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material similar to that used by the writer. A third method 
has been proposed by Lindblad for stars of tsnpes A and B in 
which he correlates the difference of density of the continuous 
spectrum on either side of V3907 with the absolute magnitude 
of the star. From this relation he claims to deduce lumin¬ 
osities with a probable error of less than half a magnitude. 
Owii^ to the ^eat distance of the B-t3rpe stars, the probable 
errors of spectroscopic parallaxes are presumably numerically 
small; and although not of the same accuracy as the results 
for later types, they represent probably the best information 
at present available for these stars, apart from group-motion 
parallaxes. 

The second method to be considered in the general class 
of secondary methods is the important one known as the 
“ dynamical ” or " hypothetical ” method. The former term 
is preferable, since any indirect method resting on hypothesis— 
such as the moving-cluster method—may be ^and has been) called 
“ hypothetical.” The dynamical method oepends on the fact 
that from the known orbital elements of a binary star (obtained 
from visual observations) the linear dimensions of the orbit 
can be calculated if the combined mass of the two stars is 
known. Since the angular dimensions are known, the distance 
is at once determined by elementary trigonometry. In other 
words, a known relation exists between the total mass of a 
' binary system and its parallax. Now, our knowledge of stellar 
masses gives strong evidence in favour of the assumption that 
there is only a limited range of such masses, and values outside 
that range are extremely rare. Consequently we may assume 
the total mass of a binary system to be twice the average stellar 
mass without very serious error, and thus we can determine 
the dbtance of the system. This average mass is only known 
through previous observations of parallax, and hence the 
method must be classed as secondary. Fortunately, an error 
in the assumed mass only gives rise to a much smaller propor¬ 
tional error in the resulting parallax, and the method is very 
valuable in augmenting our knowledge of the distances of 
binary stars. It has been used by Russell, Shapley, and others, 
but more extensively by Jackson and Fumer, who have recently 
published valuable lists of dynamical parallaxes. They have 
also shown that observations over a complete period of revolu¬ 
tion are not necessary, many of their published results being 
based on only partially observed orbits. 

One other method may be mentioned in this section 
the sake of completeness^ since, although of no value for use in 
our own galactic system, it affords valuable information cc^ 
oeming the distances of globular clusters and otiwr gnmips of 
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atars. It has been shown by Miss Leavitt, and later by Shapley, 
that the Cepheid variables found in the Magellanic cloud and 
in globular clusters show a well-inarked correlation between the 
penods of their variation and their mean apparent magnitudes. 
These clusters are so remote that the stars in any one cluster 
may be regarded as at approximately equal distances. It 
follows, therefore, that a relation exists between period of 
variation and absolute magnitude of the Cepheids, the exact 
form of this relation being determined by Shapley from the 
parallactic motions (see the following section of this article) 
of nearer Cepheids. Although Shapley's method of deducing 
the necessary numerical factors in this relation may be open 
to criticism, there is no doubt that the relation does exist; 
and independent tests of Shapley’s results seem to indicate 
that they are not widely in error. It is possible, therefore, from 
the period of a Cepheid variable to deduce its absolute magnitude, 
and hence its parallax. 

§ 

The methods hitherto examined are all applicable, directly 
or indirectly, to individual stars. They are, however, limited in 
their use by instrumental imperfections, or by restriction to 
certain stars or groups of stars; consequently when all the 
results at present available from these methods are collected, 
they may be insufficient for the purposes of many astronomical 
problems. Now, it frequently happens, especially in statistical 
studies, that individual parallaxes are not of vital importance, 
and may be replaced by the mean parallax of a g^oup of stars. 
It is therefore useful to be able to supplement our knowledge 
by a determination of such mean distances, which may be done 
in several ways. The most important method, and the one of 
most general application, is that of parallactic motion. It has 
been found, from a study of stellar radial velocities and proper 
motions, that the Solar System is travelling through space (t.e. 
relatively to the “ mean'of the stars ”) with a velocity of about 
go kilometres per second. A base line for the trigonometrical 
^method is therefore at once suggested in the distance traversed 
by the Solar System in a definite interval of time, and the 
apparent displacement of stars due to such a large movement 
of the Earth should give accurate parallaxes. The difficulty of 
the method lies in the fact that it is impossible to separate this 
parallactic displacement of a star from its own peculiar motion, 
both of which are combined in its apparent or proper motion. 
T^ method is thi» useless for individual stars ; but if we take 
a munber of stars together, we mig^t assume that their individual 
liecttliar motions are distributed at random and, if the average 
inom taken, would cazioel one another. In such a grtnip of stars 



«i8 SCIENCE PRCXIRESS 

if the mean observed proper motion differs from zero, tho 
difference should be due entirely to parallactic motion, so that the 
mean distance of the group may be found. The method maylM 
applied in two ways. The proper motion of a star may b« 
resolved into two components, one parallel to the Sun’s motion 
through space, the other at right angles to this, and either 
component may be used independently. It will be noticed that 
the whole of the parallactic motion is included in the former 
component, which gives a solution for the mean parallax 
without any additional information. In the case of the trans¬ 
verse component the apparent motion is unaffected by the 
solar motion, and a knowledge of radial velocities is required in 
order to complete the solution. Certain precautions have to be 
borne in mind when applying this method. For example, a 
sufficiently large number of stars should be chosen, to ensure as 
far as possible the random nature of their individual motions, 
but there should not be a wide range of distance among the 
stars in any group. A systematic error will of course be 
introduced if the group possesses any residual motion as a whole, 
such as in a moving cluster. 

Among other methods of determining mean parallaxes 
may be mentioned that of Kapteyn and Van Rhijn, who derived 
a formula givii^ mean parallaxes of groups from their mean 
proper motions and apparent magnitudes. It must be remarked 
that this formula is only strictly applicable to stars whose 
distances are already known by some other method, since the 
data necessary to apply the formula to any particular case have 
been used previously to arrive at the formula itself. The 
formula is therefore little more than a convenient way of 
expressing, or perhaps regrouping, what is already known. 
Again, the fact may be mentioned that the average luminosities 
of “ dwarf " stars vary according to their spectral types, the 
earlier-type stars being brighter than the others. If then we 
have a group of stare of the same spectral type, we may assume 
a certain mean luminosity and hence deduce its mean distance. 
Finally, attention may be called to the fact, already pointed out, 
that measured parallaxes, when too inaccurate to be of value 
individually, may be grouped together and the mean parallax 
used. 

It would be out of place in this article to give any account of 
the results which have been obtained by the various methods 
of parallax determination outlined above, or of the facts and 
theories regarding the Construction of the universe to which we 
are led by a knowledge of such results. The aim has been to 
describe the principal methods by means of sriiich riiis knowle^ 
has been obtained by astronomers, together with the dii^cultin 
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inherent in their application and the relative trustworthiness 
of their results. It may, however, be remarked in conclusion 
that our knowledge of stellar distances is still far from complete. 
More observations are required, especially of fundamental 
parallaxes, both on their own account as well as to improve 
the accuracy of secondary methods and to enable further 
methods of this nature to be founded. Such parallaxes are 
being determined regularly at the great observatories mentioned 
in this article ; but progress is necessarily slow and it will 
probably be some considerable time before any further striking 
advance is made in this, one of the most difficult, as well as one 
of the most important, of the problems of Astronomy. 



THE PASSAGE OF ELECTRICITY THROUGH 
DISCHARGE TUBES AT LOW PRESSURES 
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Cav4ndish Professor of Physics, Univsrtiiy of Leeds 

The passage of electricity through gases at low pressure has 
been the subject of much experiment and theoretical speculation 
ever since the discovery of the vacuum tube in the last 
century. The phenomena are extremely complicated, and only 

E artial qualitative explanations can in many instances be given, 
ut recent work has not only brought out new and interesting 
facts, but has also led to the suggestion of possible new methods 
of explanation. Much yet remains to be done, and the present 
article has as its object a r^sum^ of well-established knowledge, 
and an account of some of the more recent experimental obser¬ 
vations. 

The facts are briefly these. If a long glass tube furnished 
with two metal electrodes fused through its walls be connected 
to a vacuum pump and the air gradually withdrawn, beautiful, 
coloured, glow effects are observed within the tube when a 
potential of a few hundred volts is applied to the electrodes. 
The appearance is very variable, depending on the pressure^ 
the nature of the gas, the disposition of the electrizes, the 
potential applied, and so forth. 

For a given applied potential the current does not com¬ 
mence to flow through the tube until the gas pressure falls 
to a certain value, when it suddenly appears, increases to 
a maximum as the gas pressure is reduced, and fiiudly, when all 
but a few molecules of gas are removed, ceases again to flow. 

In the li^ht of our modern views we suppose that the current 
in the tube is carried in part by the very mobile electrons (tom 
out by ionisation mainly from the atoms) which move u^ to¬ 
wards the anode, and in part by the more sluggish positive 
ions of the gas which move up to the cathode. 

When once the current is started—and this matter will 
receive a little more attention later—^it is maintained by the 
production of fresh ions and electrons, providing that the 
potential applied to the tube electrodes is sufficiently frsatv 
While most of the current will be carried by negative 
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«lectrons and the complementary positive ions, there will be 
always a few negative ions present in the tube produced by 
the attachment of an electron or electrons to neutral atoms 
or molecules. 

The manner in which electrons are removed from atoms 
is not yet well understood, but our views have taken form some* 
what definitely during the last decade or so, experimental 
research in the matter having been guided recently to a con¬ 
siderable extent by the valuable picture of the atom adopted 
by Rutherford and elaborated by Bohr and his followers. 

In this model it is suggested that the neutral atom consists 
of a central positive charge of minute size, round which electrons 
are grouped in various levels in sufficient number to balance 
exactly the central charge. Dynamic stability must be con¬ 
ferred on these electrons, and it is imagined that this may be 
attained by their motion in closed orbits round the nucleus. 

Each electron will thus have a certain " binding energy ” 
proper to its orbit or level. 

In the usual discharge-tube operating at comparatively 
low potentials it will ordinarily be possible only to ionise 
the atoms by removing electrons from the outer atomic levels. 
This may be one of the results of electron impact. 

Another possibility would be the imparting of sufficient 
energy to an electron in one atomic level to raise it to another 
level, having an electron vacancy nearer the outside, which 
op>eration, while not resulting in ionisation, may produce— 
when the electron returns to its old position—radiation, either 
luminous or non-luminous. 

It is now supposed that both of these operations—^ionisation 
and radiation—may sometimes take place gradually, that is, if 
the energy of the bombarding electron is insufficient, the atom 
may store up the energy until another electron or yet another 
arrives making up the total required. Ordinarily, however, 
this cumulative effect will not need to be taken into account. 

There is still another way for the present purpose, in which 
the bombarding electron may part with its energy. It may 
convert it, mecnanically perhaps, into atomic eneigy of trans¬ 
lation, that is to say, it may raise the temperature of the gas 
in the tube. 

Leavinp; this matter of radiation and ionisation for the time 
bdng, it w convenient to consider now the factors which 
determine the energy possessed by the bombarding electron. 

There is a well-known formula imv* connecting the 
kinetic energy of a freely moving charged body of mass m 
and charge e, initially at test, but allowed to move in an electric 
liidd iMtween two points differing in potential by V. 

It b the energy «V acquired during the motion of the electron 
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in the tube which enables it to perfonn the functions just 
outlined. 

In most cases it is difficult to say precisely what V ma^ be; 
partly because the particular electron singled out for considera- 
tion is not the only one in the tube, so that in addition to the 
potential applied to the electrodes there are also other potentials 
due to the other electrons and ions present—the so-called space 
charges. These complications are often too involved to yield 
to mathematical treatment. When the gas pressure is reduced 
so low, however, that the mean free path of the electrons 
becomes considerable, the kinetic energy of the electrons 
becomes—for moderate potentials—equal to the product eV. 

It was with an apparatus working under conditions of this 
sort that J. J. Thomson in England, and independently at 
the same time Kaufmann and Wiechert, made the original 
determinations not only of the velocity of the cathode rays 
but also, by magnetic and electric deflexions, the important 
ratio ejm. 

The method consists briefly in causing the electrons to 
pass through a fine aperture, and thereafter between a parallel 
pair of plates maintaining a known electric field, at right angles 
to their path. The resulting deflexion was observed on a 
fluorescent screen. Magnetic deflexion was also produced, and 
from the two readings the ratio e/m was calculated. 

It is of interest to observe in this connection that in these 
experiments it has been usual to employ potentials (V) of many 
thousands of volts, using the ordinary type of cold cathode. 
Under such conditions the electrons, when V is steady, appar¬ 
ently all have the same speed.^ 

The mechanism of the production of the discharge in a 
highly evacuated tube as Thomson used is understan^ble in 
the light of an experiment due to Villard (1.899). 

This investigator showed that an opaque obstacle placed 
in front of the cathode stopped the emission of electrons from 
that part of the cathode immediately in front of it. It was 
as if something came up to the cathode from the part of the 

* Experiments carried ovt recently in Leeds, using a hat cathode and V 
only abcmt 100 volts, have shown that the electrons which pass through an 
apoture do net all possess the same speed. 

When the beam is deflected by a magnetic field it appears that com¬ 
paratively few of the electrons have the ma»mum energy corresponding to sV, 
but there is a magnetic spectrum often of quite a compi» character, raowing 
very clearly that there are groups of electrons having energies less than this 
maximum possible by definite amounts. 

It seems probable that the electrons Impinging on the edges of tfM 
aperture are " reflected '* with definite energy losses corresponding possibly 
to the ionisation or radiatitm potentials of tM material of tito s^ierhue. 

These fosses, bowevet, are only of the order of a few volts, and woaild 
not have been cdwecvidile with V oomparativdy great. 
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tube shielded by the obstacle, and it was this something which 
caused the emission of electrons. 

It was immediately suggested. that positive ions coming 
w to and striking the cathode liberated electrons therefrom. 
Goldstein soon after showed that if a perforated cathode were 
used then positive ions moving at a high speed actually streamed 
out behind the cathode. These are the positive rays investigated 
with such important results by J. J. Thomson, Wien, Aston, 
and others. 

The conclusion is therefore that electrons and positive 
ions are interdependent, the former being liberated from the 
cathode by the latter. Once the discharge is started, therefore, 
the supply is maintained by virtue of the high speeds produced 
by the applied potential. 

It is clear that on this view it should not be possible to 

? ass a current through a tube in which the vacuum is perfect, 
‘his is the case so long as ordinary cold electrodes are employed. 
Nevertheless, the so-called “ pure electron ’’ current can 
be made to pass if the cathode is heated in some way to a 
sufficiently high temperature to cause thermionic emission of 
electrons from its surface. It will not be out of place to 
consider this type of vacuum tube in rather more detail at 
this stage, since such considerations will bring out a point of 
very ^eat importance, the influence of the " space chaige." 

Following up the discovery of the Edison effect relating 
to the emission of electricity from the limbs of electric lamp 
filaments in vacuo, many investigators have examined this 
emission under widely varying conditions of experiment. 

It has now been definitely established that even in as 
perfect a vacuum as it is possible to obtain electrons may 
come off from the surface of any heated substance. Their 
escape is assisted by the application of an electric field in 
the right direction and by raising the temperature. 

The well-known law of Richardson states that the saturation 
current * «■ a VT. where T « the absolute temperature 
of the cathode, a and b are constants depending on the material 
of the cathode. Of the theoretical significance of this law 
nothing will be said here. 

It IS important to notice that the space between cathode 
and anode is, in this case, free of positive ions or gas molecules. 

; To fix ideas for the moment, suppose that the two electrodes 
considered are plane, of infinite extent, parallel and distant d 
apart. The current i is the saturation v^ue—as many electrons 
reach the anode per second as leave the cathode per second. 

It &i an experimental fact that a rise in temperature—keeping 
^ potential V constant—only increases the current to a certain 
satifra^n value. The temperature of the cathode having 
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reached this point, the only ways of increasing the current are 
to increase V or to reduce d. 

The reason for this was made clear by Langmuir, who 
pointed out that when such large currents were employed the 
electrons just leaving the cathode were under two opposing 
forces: the first due to the applied potential V, and the second 
due to the reverse field set up by the electrons in the space 
between the electrodes—the space chaise. 

It can easily be shown that on this view the relation 



must be true if T has been raised to such a degree that » has 
reached its greatest value. 

The truth of the formula, and therefore of the space-charge 
hypothesis on which it rests, has been abundantly verified. 

It will be seen from the equation that it b possible to base 
on it a method of determining the fundamental ratio e/m for 
the electrons emitted from a hot surface. 

In all discharge-tubes in which there are appreciable 
quantities of gas, the space charges play an important part, but 
it must be remembered that the electron space-charge effect may 
under certain conditions be considerably modified by the 
presence of positive ions. The presence of only a few ions in a 
cloud of negative electrons may reduce their effect enormously 
on account of the great difference in speed between them. 

It has been estimated, for example, that a single ion of 
nitrogen will neutralise the space-charge effect of many 
hundred electrons. 

For this reason the electron emission from a hot cathode 
may be very much increased by introducing gas into the tube, 
which when ionised will largely neutralise , the negative space- 
charge previously limiting the flow of electrons from the cathode. 

Having thus briefly dealt with the phenomena in discharge 
tubes in which very little or no gas molecules are present, the 
more complicated cases may now be considered in which 
appreciable quantities of gas enter into the question. 

The Appearance of the Discharge 

The upper part of Fig. i shows diagrammatically the 
appearance of a glowing tube with cold electrodes. Itje gas 
pressure here is in the neighbourhood of a millimetre of merc^ 
and the applied potential a few hundred volts. The posztiGn 
of the various parts of the discharge, viz. cathode glow, Crookes' 
dark space, negative glow, Faraday dark space, positive cdiupin» 
are there indicated. 
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The relative sizes of these parts of the visible discharge 
depend, in a great measure, on the gas pressure. At greater 
pressures, for example, the Crookes’ dark space shrinks until 
hardly distinguishable as such; at lower pressures it increases 
at the expense of the positive column, which finally disappears 
entirely. If the pressure is reduced until the dark-space 
boundary reaches the anode the discharge abruptly stops and 
cannot be restarted until either the gas pressure is raised again 
or the distance between the electrodes increased. 

The spectrum emitted by the discharge is, speaking generally, 
characteristic of the gas within the tube. 


The Electric Force in the Discharge 

It is important to know the distribution of electric field 
along the discharge, for from what has been said in a previous 
paragraph about space charges, inferences can then be drawn 
as to the mechanism of the discharge and the manner in which 
electric charges are distributed within the glowing tube. 

An obvious method, but one which is open to serious criti¬ 
cism, is to introduce into the discharge metal probes a known 
distance apart, and by connecting them to some type of electro¬ 
meter to measure the potential difference acquired. From 
observations of this sort the electric force can readily be 
calculated. 

The real objection to measurements made on this plan is 
that such probes will be affected not only by the electric field 
but also by the free charges present. Electrons and ions— 
particularly the former—^wiil diffuse to the probes and vitiate 
the results. 

A method more free from blame in this respect is to make 
use of glowing probes, adjusting their potential until no 
thermionic emission occurs, when the potential applied must 
be equal to that which it is desired to measure. Another very 
good method is to fire a beam of fast electrons of known speed 
from a subsidiary cathode in a side-tube across the region 
investigated. These electrons will be deflected, and from thb 
the field in the region through which they have passed can be 
calculated. 

One of the most striking features of the electric field curve 
Fig. 1 is the high value of the force in the Crookes’ dark space 
and its greater value nearer the cathode. This is doubtless to 
be ascribed to the considerable number of free ions in this 
te^on. These ions must arise, in the main, in the edge of the 
negative glow, and move comparativdy slowly towards the 
cimode, constituting a positive space charge. An electron 
nearer the cathode therefore obviously finds itself in a field 
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of much greater intensity than an electron nearer the negative 
glow. 

But it will be noticed that very near the cathode the field 
becomes smaller again. This is in the region where the electrons 
are being set free from the electrode surface, and have not yet 
reached their full velocity in streaming away as cathode rays. 
There will thus be a negative space charge extremely close to 
the cathode which would account for the smaller value of the 
electric field there.^ 

The fact that in the Crookes' dark space there is only a 
very faint luminosity (although it is quite certain that there is 
a copious supply of gaseous ions) may be explained on the 
supposition that the electric force obtaining there is high enough 
to prevent recombination of ions and electrons, by imparting 
a very high relative velocity immediately after their production. 
The edge of the negative glow, however, will represent the 
region at which the electric field by space>charge action has 
fallen to a sufficiently low value to permit of adhesion and 
recombination and therefore light emission. 

Remembering that the ions and electrons in question are 
to be regarded as having been produced by the cathode rays, it 
is now easy to see that the negative glow should extend as far 
as the “ range ” of the cathode rays in the gas within the tube. 
The Faraday dark space thus begins at that point where the 
cathode rays have spent all their energy in ionisation. 

Further, the fact that the electric field in the negative 
glow has a nearly constant and low value receives a ready 
c^ualitative explanation. For in this region there is no separa¬ 
tion, on the whole, of the positive ions and their complementary 
electrons, since, on the supposition just introduced, recombina¬ 
tion has been rendered probable with consequent radiation and 
possibly still more ionisation. The negative glow has therefore 
the attributes of a good conductor of electricity because of the 
ample supplies of positive and negative electricity in equal 
amounts (the ionising cathode rays themselves are, comparatively 
speaking, small in number). 'The electric field in such a good 
conducting region must of necessity be approximately uniform. 

On the view whidi has been suggested it can be seen in 
a general way that the anode side of the negative glow acts 
as a kind of phantom cathode, in that it may furnish a supply 

* It was only very recently that Brose discovered this drop in field dose to 
the cathode. Aston's cathoM ray method is inapplicable here, probes are 
equdly nseleBS—bat the most ingenious method of observing; the Stark 
efiect in the spectrum emitted from this very faintly luminous part id the 
discharge gave the information dedred. The shift of the spectru Unas due 
to the eleetrie field was smaU, but measurable. A similar nsult usiiig tdM 
of a special type is recorded by Foster (ATutiws, Peb. 6.1936). 
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of slow-moving electrons which must move towards the anode. 
The electric force is much smaller in this part of the tube 
than near the cathode, so that these electrons never attain so 
high a speed as the cathode rays themselves, When they 
attain ionising speed, however, the positive column begins, and 
this region, like the negative glow, is, in pure gases at any rate, 
characterised by a low and sensibly constant electric field. 

With this general—and incomplete—account of matters, 
it is desirable to return to further and more detailed considera¬ 
tion of the phenomena at the cathode. 

Cathode Phenomena 

(o) The Starting of the Discharge .—^With a very special 
arrangement of the discharge-tube it may be shown experi¬ 
mentally that, under the right conditions, quite a considerable 
delay may occur between applying a potential to the tube 
electrodes and the appearance of the discharge. This delay 
can be reduced to an indefinitely small time—in fact, the dis¬ 
charge may be started by bringing radium or any other ionising 
agent near the tube. This suggests that ions must be present 
in the tube to commence the discharge—an obviously reasonable 
hypothesis, since the so-called " natural ionisation ” in the 
air, due to some all-pervading or ultra radiation, may be 
invoked in aid of the explanation. 

The experiment can be conveniently carried out by applying 
a steady potential from an accumulator of small cells to the 
tube electrodes, one of which is so arranged as to be capable 
of motion down the tube. Suppose the anode to be so devised 
and to be moved towards the cathode. Nothing beyond 
successive disappearance of positive column, Faraday dark 
space, and negative glow will happen until the anode finds 
itself just within the Crookes' dark space. At this point the 
current suddenly ceases. 

The anode may then be moved back a millimetre or so ,and 
left there. Still nothing happens perhaps for a few seconds, 
perhaps for a few minutes—but eventually the current will 
suddenly flow again, the only parts visible being a small section 
of the negative glow, and the faintly luminous interior of the 
dark space. This delay in starting cannot be obtained if a 
strong sample of radium is held near the tube. 

(i) The Crookes' Dark Space .—It was early noticed that the 
lei^h of the Crookes’ dark space was of the same order of mag¬ 
nitude as the mean free path of the electrons shooting out 
from the cathode, and it was often inferred—sometimes stated 
mcidicitly—^that the dark space represented that part of the 
tstnjectory of a cathode ray in which little or no ionisation took 
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place, and that the edge of the negative glow marked the point 
at which ionisation strongly commenced. 

The view here favoured and already explained is that 
ionisation really occurs all along the path of the cathode stream, 
but that the negative glow begins at that position where the 
electric force has fallen to a sufficiently low value to permit of 
easy recombination. It should be mentioned, however, that 
the boundary between dark space and negative glow is sur¬ 
prisingly well defined in many cases—notably in oxygen— 
so sharp as to make it difficult to see how the gradual fall of 
electric force observed in the dark space can account for it. 
This is a matter which requires further elucidation. 

The length of the dark space measured to the surface of 
the cathode has been the subject of many experimental investi¬ 
gations, but as the formula expressing it (Aston) is empirical 
only, and has so far not been interpreted completely, a bare 
mention of it will suffice : 



where d * dark-space length; 
p - gas pressure; 

I — current per square cm. of cathode (which fills the 
tube). 

A and B are constants for a given gas. 

A more fundamental matter perhaps is the cathode fall 
of potential V (the so-called abnormal fall) which, measured 
under the same conditions, can be expressed as— 


V . 


E-i- 


FVI 

P ' 


where E and F are constants for a given gas. 

This fall of potential V represents the greater part of the 
total potential applied to the tube electrodes, and it is of interest 
now to examine whether from observations of its value any 
information can be obtained as to the mechanism of the pro¬ 
cess (already outlined) resulting in the maintenance of the 
current. 

It will be remembered that there seems little doubt that the 
electrons (cathode rays) starting from the cathode must owe 
their origin to the arrival at the cathode of the positive ions. 

Now V can be measured with great accuracy under any 
conditions it is desired to maintain within the tube, and it 
has been found that if p be increased the above expression 
holds over a wide' range of p ; as p increases, however, the 
“ range " of the cathode rays becomes less and less, the aegatiye 
glow shrinks in size, as abo does the value of d, and the positive 
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disappears entirely, being represented only by a faint 
l^ow on the anode surface. As the pressure is still further 
increased the current begins to diminish, and at the same time 
the area of the cathode covered By the glow diminishes also. 
When this stage b reached the above formula no longer holds, 
but V is maintained at a constant value V„ (< V). 

V, is termed the normal cathode fall of potential. 

Its value depends not only on the nature of the gas but 
also on the material of the cathode. 

On V« must depend not only the speed of the electrons 
fix>m the cathode, but also the energy of the ions producing 
them. But we find, on looking into the matter closely, that 
while the energy of the positive ion is sufficient—more than 
sufficient—to ionise a molecule on the cathode surface, yet, 
if the fact is taken into consideration that the energy must be 
given to an electron, the explanation cannot stand, for the ion 
Is many thousand times more massive than an electron, and 
on this account can only hand over a proportionate fraction of 
its total energy—this fraction cannot be sufficient. 

The most likely hypothesis seems to be that the positive 
ion on reaching the cathode recombines, radiates, and it is this 
radiation absorbed in the cathode which causes electron 
emission. The fact that about 90% of the energy of the 
ions appears as heat at the cathode is in harmony with this 
suggestion. 

It must not be forgotten, however, that rarely, if ever, 
is hydrogen absent from a discharge-tube. It is therefore 
possible that the positive hydrogen ions i^rotons) may play a 
unique part in the discharge mechanism. The proton is peculiar 
as being of exceedingly minute size, and is thus able to give up 
its energy under particularly favourable conditions. Little is 
known of this possibility. But it is a noteworthy fact that in 
a tube where very special precautions have been taken to elimi¬ 
nate hydr(^en, water vapour and other hydrogen-containing 
compounds, a pseudo-high vacuum effect has been observed— 
a most suggestive experiment. 

The actual value of the normal cathode fall, fundamental 
as it appears to be, has not so far received any reasonable 
explanations. Efforts, for example, to relate it on the one 
hand to the ionisation potential of the gas or material of the 
cathode, or on the other hand to Richardson’s thermionic 
work function have failed. There seems to be some process 
at work here which so far defies analysis. 

(c) The Influence of ihe Walls of the Tube on the Discharge,-— 
No account of the vacuum tube, however brief, can afford 
|o neglect the important rOIe played by the walls of the tube 
The tube^usually of glass—is a comparatively good 

, '■ 4 * 
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non’conductor, and therefore may become charged with 
electricity. 

In those parts of the dischaige where the conductivity is 
high the effect may be of less importance than in the dark space, 
for example, where it is low. In this region, owing to thti much 
greater mobility of the electrons, the walls become negativdy 
charged, behaving axially in a manner rather similar to the 
space charge. More than this, a strong radial electric field is 
set up which tends to concentrate the cathode rays—and 
therefore the whole discharge—on the axis of the tube. The 
effect is naturally more marked at lower pressures when the dark 
space is well marked. 

The effect can be shown in a striking manner by mountine 
a small plane cathode in the centre of a much wider tube and 
arranging a closely fitting glass sheath so that it can slide over 
the cathode, being influenced in some manner from the outside. 

If the tube is connected to an influence machine, induction 
coil, or other apparatus providing a potential which accom* 
modates itself to the resistance of the tube, it will be found that, 
on sliding the glass sheath over the cathode, the potential rises 
considerably, and at the same time the originally wide pencil 
of cathode rays becomes concentrated to a much finer pencil 
alo^ the tube axis. 

The presence of an effect of this sort adds to the difficulty 
of explaining the otherwise sufficiently complicated discharge. 

The Anode Region 

It will be noticed from Fig. i that there is a rapid increase 
of electric force near the anode with which is associated a 
sudden potential change termed the anode fall of potentisd. 

It is doubtless set up by the cloud of electrons (negative 
space chaige) which gathers round the anode. 

The value of this anode fall cannot be less than the lowest 
ionisatipn potential for the ras in the tube, if we ima|pne the 
mechanism at the anode to be the production of positive ions 
at the surface of the anode by electrons moving up to it. The 
anode fall cannot be less than this, although it may be greater 
on this view. In actual fact careful measurements of the 
smallest possible anode falb do appear to approximate closdy 
to the known ionisation potentials of the gases employed. 

The theory of the anode, in general outline, u thcaefm’e 
quite simple. Electrons from the body of the tube ate 
accelerated to the anode under a field which u due pardy to 
the anode itself, and partly to the electron space doom 
concentrated there. This proximity of Section doud to Ihe 
aimde produces the anode foil; Its value cannot be less tfosh- 
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the lov^t ionisation potential involved, but it may assume jgreater 
values than this, depending on the extent of the space^harge. 

The field due to the cathode, or the parts of the discharge 
Msociated with it, are assumed to be so far removed, or so 
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completely shielded, from the anode as to produce no effect 
there. 

The Positive Column 

The positive column is separated from the negative glow 
by the Faraday dark space. Across this region, it is to be 
supposed, electrons of slow speed move towards the anode, 
the supply arising from the anode side of the negative glow. 
il|L hiwative space charge is thus set up which raises the value 
m the electric field more and more as the anode is approached 
tlM electrons move in a field sufficiently high to ionise, 
tite conditions will then be favourable to light emission and the 
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positive column will commence. Generally speakii^, in pure 
gases capable of existing in one form only, the positive column 
consists of a uniform column of %ht, in which the electric 
force is low, extending up to the anode. In the case of long 
chsch^e-tubes the main portion of the discharge is composed 
of this positive column. 

An interesting consideration in connection with the uniform 
positive column is the question of the distribution of positive 
chaige therein. An estimate can be arrived at if certain reason¬ 
able assumptions are made. It will be assumed with Holm, for 
example, that the cathode and surrounding discharge regions 
have no effect at the points considered, and that, further, the 
space charge in a plane at right angles to the tube axis is 
uniformly distributed. This second assumption can only be 
approximately true, since the positive charge in the column 
arises, in part at any rate, from the more rapid diffusion of 
the electrons to the walls setting up a negative surface charge, 
and this in itself means a radial field. In the case of a tube 
I cm. radius in which a positive column 12 cms. long exists, the 
curve of Fig. 2 shows the positive charge distribution. The 
cross-hatched part represents the chaige associated with the 
anode (0*35 umt), while the whole charge in the column amounts 
to 2 units. 

Another point of interest arises here. The positive charge 
under consideration arises, as has already been remarked, from 
the diffusion of electrons to the walls of the tube. If \ be 
the mean free path of the electrons, the effective depth of the 
layer of gas next the wall from which electrons will diffuse 

will be comparable with X. The ratio where R is the 

radius of the tube, is thus of some importance, since it expresses 
the fraction of the tube radius from which these electrons may 
be expected to be recruited. The nearer this ratio approaches 
unity, the greater will be the potential gradient along the axis 
of tne tubeJ--an important point. This again brings out clearly 
the importance of the walls in the dischaige. 

Schottky has recently applied considerations of this kind 
in an attempt to work out a theory of this part of the discharge. 
He supposes that, axially, there must be a balance of affam 
in which eventual^ as many dectrons diffuse to the walls as 
positive ions, the final equilibrium condition being determihed 
by their mobilities At. and k+ and the potential equivalents 
of their effective temperatures V+ and V«. 

He finds that the potential gradient along the tube aids-* 
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in whidi x is the distance from the anode of the point considered ■ 
and Yi is the ionisation potential of the gas. 

The formula appears to be in general harmony with the 
experiment^ facts for, at any rate, the noble gases. 

It remains yet to notice a very usual form of positive 
column, the striated form. 

In this case, the positive column is broken up into bright 
patches separated by comparatively dark spaces. The effect 
15 particularly marked in impure gases or m those having a 
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S licated molecule, and which, under the action of the 
orge, may be expected to break down into other substances. 
It has been supposed that a general explanation of these 
printed dischaiges may be based on the supposition that it 
represents a periodic repetition of the nepiative glow at the 
cathode region, or that slow electrons arising in one striation 
are accelerated along the axis towards the anode until they 
attain ionising speed, when the next striation is produced. 

In hydrogen and nitrogen the distance between successive 

sfrise is given by C approximatdy where C and n depend 

9D gas. Further, or the bluish striae in hydriq^en, (although 
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liu^ be considerable, th« le*A e«Htmwl!tbt<^ ^$ 0 ^ 4m 


^notiauance of the disduu^e is i minh^nidi hi vety doM 
to the accepted ionisation potential for the hydrogen 

the case of nitrogen, again, the minimum pot«itiaI diffwwce 
'netweenstrim is about o volts, which suggests once more the 
ioi!iisation potential of the nitrogen molecule. 

This matter of the striations, however, is not so 8int|i|bB 
as the foregoii^ would suggest. In hydrogen, for examj^, 
the bluish striae are under some circumstances absent, their 


place being taken by much broader reddish ones. These do 
not obejr the above-mentioned formula. They sometimes 
break up into pairs in a most mysterious fashion, and no eicplana** 
tory mechanism has so far been found to bring their behaviour 
into some sort of order. 


An interesting new effect in connection with the positive 
columh in argon was observed by the writer in 1924. 

It was noticed first in a discharge-tube functioning with 
a hot tungsten cathode, but can be equally well produced with 
toe usual cold cathode. 


Within certain limits of gas pressure the continuous positive 
ctdumn observed in a rapidly rotatii^ mirror presents toe 
.^appearance of Fig. 3a, which is a reproduction of an actual 
photograph. The inclined lines show that the discharge—at 
any rate so far as luminosity is concerned—takes the form of 
a series of flashes from the anode to cathode, moving with a 
i^peed of between 10* and 10* cms. per second, and mgowiiig; 
one another at regular intervals. The heavy hmizontal line 
is a superimposed photograph of the tube in the mirror at rcit> 
The speed of a flash is often approximately constant weag 
toe tube, but nearly alwa}r$ diminishes rapidljr in the cathodo 
region, and sometimes shows a progressive diminution of speed 
during its journey along the tube. (See Fig. 36.) 

Sometimes too the photographs show two sets of jSashes 
as in Fig 3c. The slower (steeper) flashes are a little more 
than four times as slow as the quicker (more horizontal) 

More often than not after the tube has been running fSat 
tome time, and the aigon has presumably become imptaa^ m 
toe rosult of liberation of gas from walls and deehrodci, tou 
flashes become wayy and of variable speed from point tq PUldg 
in the tube, as iff Fig. 3d.‘ ^ 

It is tempting to suggest at onoe that toese flashes ism0tt 
of i^itive ions moving away from the anode and radlMtog 
as toey move. This supposition is at once nefstived, 


* Tkwe is za<M» tban a aaggwtion ia Uus toetogrifli fftat toU 
is to tonatoiag moving bom cathods «o aabda ato itoto 
fwvtpwy iiwloy wism* ^ 
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Photographs lakou in a rotating mirror of discharge through horizontal vadium 
tube containing argon at low pressure with a steady voltagr' applied to elcctrudes. 
SjK’ed of mirror approximatt'ly constant in every case; horizontal black line is 
superposed exposure of glowing tube with mirror at rest. 

a, e, and /, with argon pure but increasing pressure in this order; Hashes Jmve 
about the same speed along the tube, and their ‘^^eparations are roughly et[ual. In 
r and d (viewed here from the other side of the lulre, and thus sloping in the other 
direction) the argon is impure, giving mixed flashes, clearly separated in c, but jiro 
ducing unsteadiness in d. 
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by the fact that If the spectrum be examined along the tube 
and at right aisles by a spectroscope of high resolving power 
no trace of the Ddppler effect can be observed, although the 
observed speed should be enough to produce it measurably. 

A way out of the difficulty would be to suppose that the 
positive tons radiate at a higher frequency than the ordinary 
luminous light, and that this radiation absorbed by neigh> 
bouring neutral atoms at rest produces luminosity in the usual 
way. This would account for the absence of the Ddppler 
effect, but it is rather difficult to see how on such a view the 
narrowness of the flashes as seen in the mirror can be accounted 
for, unless we suppose that the electric field just outside the 
flash is high enough to prevent recombination. However, on 
this view many of the observed facts are fairly well co-ordinated : 


f i) The supply of ions in a sheet would be kept up in virtue 
of tne external field acting on the electrons in front of it. 

(2) The motion of the sheets would depend on the electro¬ 
static repulsion existing between them, each one acting as a 
*' virtual anode.” 

(3) The occurrence of the two sets of flashes moving with 
spcMs in the ratio 4:1 is significant particularly as the 
spectrum distribution shows strong hydrogen lines near the 
anode, and their absence or weakness near the cathode. On 
the present view it would be suggested that the slow flashes 
are aigon ions, while the faster ones are hydrogen ions, the 
absence of the hydrogen spectrum away from the anode being 
accounted for on the supposition that all available hydrogen 
would be used up for ion formation. It is to be remember^ 
too that the effect under discussion only appears when the dis¬ 
charge has been running a short time, long enough for hydrogen 
to be liberated at the heated cathode region, but not long enough 
for the amount to be considerable. 

The 4 :1 velocity ratio is roughly what one would expect 
from the known ionic mobility measurements assuming the 
same electric field—although an estimate of the field, in these 
cases sufficiently accurate to provide a critical test, has not so 
far been possible. 

(4) The velocity of the flashes from this standpoint, assuming 


steady field conditions, should be proportional to This 

appears to be only very approximately true. The complicating 
factor comes in that the field under which the flashes must be 


supposed to move is due to the flashes themselves, and must 
therefore depend on the current. Oscillograph measurements 
of this (^uantitjr show that only in some cases—and those not 
difforentiated visually—^is the current periodic with the flashes: 
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in many cases it is almost constant, and in others fluctuates 
only slightly in period with the flashes. It b therefore 
extremely difficult to associate a definite charge with the 
flashes so as to arrive at an estimate of the electric force due 
to them. An attempt has been made, however, and on the 
assumption that the positive current is carried entirely by the 
flashes themselves, it comes out that for the electric fieldi due 
to the flashes on each other to be of the right order of magnitude 
to produce the observed velocity, they must be une(|ually spaced, 
being farther apart nearer the cathode. The differences are 
quite small, so small in fact as to be only just within the errors 
of measurement, but with the limited number of observations 
so far taken this spacing difference does seem to exist. 

There is, however, an alternative mechanism which must 
be mentioned. 

It may be that the flashes are produced in some such way 
as this. Electrons firom the body of the tube, attracted to 
the anode, acquire there ionising speed, and thus produce 
a kind of double layer of ions and electrons. The ions recom¬ 
bine and emit light, but while doing so act as a virtual anode 
to attract a fresh supply of electrons. Thus the first double 
layer is replaced by a second a little farther away from the 
anode, and the flash appiears to move along the tube. It can 
be shown from this theoiy that the distance between successive 
flashes should be nearly independent of the pressure, providing 
it be assumed that electron atom collisions are elastic, involving 
no energy losses below the ionising potential. That this is so 
may be seen by reference to Figs. 3a, e, and /, in which the 
pressures vary more than 100%, the flash velocities about 
300%, while the greatest percentage variation of distance 
between the flashes is only 5% (a, «, and / are taken in a 
revolving mirror whose speed is not exactly the same in all 
three cases). 

It is only fair to say that a similar conclusion woqld be 
reached on the alternative theory outlined first. In fact, it 
is very difficult to distinguish between them. 

Whatever may ultimately turn out to be the explanation 
of these most interesting flash ei^riments, the focts are there, 
and it may not be out of place in conclusion to point out that 
these flashes may, in reality, be moving strise, and that the 
well-known, stationaiy strise may be a special case. 



PARASITISM IN EVOLUTION 

By SIR ARTHUR E. SHIPLEY. G,B.E., Sc.D„ F.R.S. 

Parasites afford remarkably clear instances of evolution. 
But it b a backward evolution, not a progressive one, that they 
illustrate so clearly. The Greek word irapdairm is literally 
“ one who eats at the table of another, hence one who lives 
at another’s expense.” One who lives at the expense of 
another tends to undergo all sorts of degeneration. He loses 
initiative, and exerts himself little, his faculties become dulled, 
and he is morally lowered. So it is with animal parasites. They 
may be external or internal, and it b at times rather difficult 
to distinguish the interrelation of the external parasite with 
its host^ from one animal living alongside of another and 
sharing its food supply (commensalbm). External parasites 
may remain on their host during their whole adult life, or they 
may remain on their host only during the larval stage, and 
subsequently develop into free-living adults, or, thirdly, the 
adult alone may attack its host from time to time, as b the 
case with the louse, the bed-bug, and the flea. 

It b quite possible that the louse is descended from an¬ 
cestors which never had wings, but thb is hardly credible in 
the case of the bed-bug, which still has what are called wing- 
scalra, or the flea, whose nearest kin are winged ; and yet d 
three of these ectoparasites are wingless. Evolution has in 
the case of the flea and the bed-bug deprived these blood- 
aucking insects of one of the most typical features of an insect’s 
body. 


Protozoa, or Unicellular Animals 

Amon^t the Protozoa, or unicellular animab, most^ 
miiaroscopic, there are innumerable parasites which atta^ 
both plants and animals, and in many cases they do ^reat 
damage to their hosts. There b a little group of organbms 
known as, Proteomyxa, something like amoebae. Many mem¬ 
bers of these infest fresh-water algm, and one sp^ies causes great 
damage to the roots of the Q^dferae, producing the ” fingers 
and toes ” dbease in turnips, etc. lliey are simple organbms, 
so shnfde that they manifest very little trace of evolution totvards 
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perfect parasites such as the next group shows. These, the 
group H.SMOFLAGELLATA, are entirely parasitic, and their 
characteristic home is the blood of a vertebrate. Frequently 
they cause fatal disease. They have not lost their organs of 
movement, for they retain one or two whip-like flagella, often 
strengthened by an undulatine membrane. But they show no 
trace of cell-mouth or of cell-anus, and they are capable of 
reproducing at an appalling rate. As a rule, they are trans¬ 
mitted from one host to another by sucking insects. The 
group of Protozoa which perhaps shows the greatest evolution 
towards the perfect parasite that has and could have no free 
existence are the Sporozoa. These include a large number of 
forms exclusively parasitic, infesting the internal oi^ns and 
tissues of animals belonging to practically all the dasses of 
the Metazoa, or the multicdlular organisms. They exhibit a 
great diversity of structure and their life-history is very varied. 
^ a typical example we may consider the life-history and 
structure of a Gregarina. Monocysiis magna inhabits part of 
the reproductive system of the earth-worm. In its younger 
stage a minute sickle-shaped cell makes its way towards this 
part of the body and grows up into an organism well visible 
to the naked eye, which lies amongst the developing sperma¬ 
tozoa of the worm. The animal has lost all trace of oi^ns of 
movement. There are no cilia, no flagella, and no pseudopodia, 
and it is entirely devoid of any cell-mouth or cell-anus. It 
consists simply of a sac packed with granular protoplasm 
covered by a thin cutide. It lives entirely by absorbing 
through tnis cutide the dissolved nutritive fluids of its 
host. After some time two of these gregarines come in contact 
and surround themsdves with a common cyst-wall.. Their 
nudei then undergo a process of division. When this is 
completed each of the mates divides up into a large number 
of rounded, nudeated naked cells. These unite, two and 
two, finally forming a lemon-like C3rst which contains eight 
sickle-shaped spores. It is believ^ that these spores are 
swallowed by birds, pass out from the bird’s body to the 
earth, where they are again taken up by an earthworm and so 
what is termed the vicious drde of parasitism ” is main¬ 
tained. As a rule these parasites are anchored in what may 
be called the adult state to the cell from which they have 
grown by a crown of hooks, again evidence of evoIuHbn 
towards complete parasitism. There are many other parasitw, 
such as that causing nularia, which never see the light of <biy, 
its whole life beir^ passed in the dark, hot mood of a 
mammal or in the equally dark musdes and salivary glands of 
a mosquito. 

Thus in the Ihotozoa we pass from (»gattkH»s». praltieail^ 
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indistit^ishable from their free>living relatives, yet livinr 
parasitically, to forms which are perfect parasites, forms which 
conceivably live but in their hosts. They have lost the pig¬ 
ment spot, or eye, they have lost the organs of locomotion, 
they have lost the power of ingesting solid food, and with 
that has gone the first dim glimmer of an alimentary tract, 
the cell-mouth and the cell-anus. In the most perfect proto¬ 
zoan parasites, those just described, we meet with anchor-like 
hooks or a row of such hooks, in form resembling those 
of the more complex but equally " perfect parasites," the 
Tapeworms. They ensure the retention inside the host of 
the parasite, and are unknown in non-parasitic Protozoa. 

Rotifers, or Wheel-animalcui,es 

The group of animals known as Rotifers, or Wheel-animal¬ 
cules are occasionally parasitic. The members of this g^o^cip 
are cl^racterised by having a crown of cilia whose rhythmic 
flickering produces the impression of a revolving wheel. The 
cilia bring food to the mouth and assist the free-living Rotifers 
to swim. In the parasitic forms this crown is much reduced, and 
tends to atrophy. Alberiia is a worm-like Rotifer which lives 
inside the body of annelids. The order Seisonacea, one of 
the sub-divisions of the Rotifers, are parasitic on the body of 
Nebalia, a small marine crustacean; they frequently have their 
^testine ending blindly. Taphrocampa has its cilia reduced, 
is without eyes, and is elongated and its body is ringed. Some 
of the ectoparasites of this group cling to their host by means 
of the extraordinaty teeth which form so prominent a part 
of the gullet of Rotifers. Although the Rotifers have not 
evolved very completely towards the perfect parasite the 
order of their degeneration follows that of other animals: loss 
of motor organs, reduction of the sense organs, the partial 
obliteration of the alimentary canal, and the development of 
oigans of attachment. 

A few are found living inside Vaucheria, a dark green, coarse 
alga common in fresh water, and another species is not un¬ 
common inside the beautiful revolving Volvox. It is rather 
difficult to draw the line between the animals which are para¬ 
sitic, for instance, the Seisonacea on Nebaliot and another 
genus which attaches itself to the surface of sea-slugs and 
animals which are commensals. But a commensal mode of 
Ule is often the beginning of the downward path. 

Annsuss, or Worms 

Tliete is a curious group of long, worm-like creatura, 
mostly m though a few are found on land and in fresh 
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water, known as Nemertines. These creatures sometimes 
reach an enormous length, scores of feet longer than a tennis- 
court ! A few of them are parasitic; the best known of these 
is Malacobdella, which is found living in the gill-chamber of 
a mollusc. It has developed a large round sucker like a leech. 
It is perhaps not a true parasite, and may live on the food that 
is brought by the currents of water to the gills of its host. 
Others live on Crustacea, but they have at least one charac¬ 
teristic of parasites, an o^an of attachment, a sucker, a feature 
unknown in the free living forms. In these parasitic Nemer¬ 
tines the alimentaiy canm has no lateral pouches, but as a 
compensation it is longer than the body, and coiled. 

Amongst the true marine worms there is one which lives 
inside the body of the Gephyrean BoneUia, and others live 
as parasites or peihaps commensals on certain starfish or under 
the mantle of a Letas, the barnacle. Still other worms spend 
the early part of their life-history within the body of a ^up 
of “ jellyfish " known as Ctenophores. A very curious in¬ 
stance of parasitism occurs in the BoneUia just mentioned. 
Here the male has become degenerate and lives inside the 
reproductive organs of the female. Whereas the female’s 
b<my may be a couple of inches long, and has a proboscis 
many inches in length, the male has become a microscopic, 
ciliated creature which lives in the kidney of the female. But 
these kidneys act also as oviducts, and there the male is 
able to fertilise the ova. It has two minute ventral hooks 
for attachment. The body cavity is solid at both ends, and 
the alimentary canal is closed at both ends. The nervous 
system is reduced and there is but one kidney, which acts as 
a duct for the spermatozoa. Both male and female develop 
to a certain larval stage without showing any traces of 
sexual differentiation. But after this stage the development 
of the male is arrested, and it has evolved this degraded 
and parasitic habit of life. Evolution, of a retrograde type, 
has hardly ever produced a more deplorable state of affairs; 
but until we reach the Vertebrates, and above all the Mammals, 
the male is almost alwa3rs the ” under-dog.” 

Platyhelminthes, or Flat-woriis 

Let us now consider the example of the flat-worms /Platy* 
UELMiNTHEs) with their three main divisions of (i) Turbell^riRns, 
(ii) Trematoda, and (iii) Cestoda. The Turbellaria, leaf-li^ 
animals, with hardly an exception are firee-living and swim 
about actively in the water, seeking what they may devonr. 
But even amongst .this division we occasionalfy meet with s 
parasite. 
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The transition of the Turbellaria into the Trematoda or 
flukes, or of the Trematoda into the Cestoda or tape-worms, 
is almost imperceptible. Many years ago I described a para¬ 
site from the common sea-urchin which I had certainly taken 
to be a Trematode. It had the suckerdike mouth of a fluke, 
and it was only after I had begun to write my Paper that I 
perceived on the parasite 1 was dealing with traces of cilia. 
Other investigators of the same animal had found the cilia 
in fresh specimens. The presence of the cilia made this 
animal a Turbellarian ; in their absence it would undoubtedly 
have been classed with the Trematoda, or flukes. Here 
we find an example of evolution of what would normally 
be a free-swimming, active animal into a parasite which so 
closely resembled members of another parasitic group that it 
was actually mistaken for them. Turbellaria are carnivorous, 
living on worms, water-snails, water-beetles, molluscs, and 
other animals. It is easy to understand how the parasitic habit 
arose and increased, the free-swimming animal taking refuge 
in the body of its prey and the organism becoming more fluke¬ 
like, the structure changing. As Dohrn showed, “ form follows 
function." 

Many Trematoda attach themselves to the outside of higher 
animals, usually fish. Others attach themselves to the gills 
or we found in the inside of fishes' mouths. To maintain 
their position they develop adhesive organs, usually suckers, 
though sometimes horny hooks are evolved. There are gene¬ 
rally in a Trematode two suckers, one surrounding the mouth 
and one surrounding the opening of the reproductive pore. 
Gradi^lly they acquire a more pronounced parasitic facies. 
Certain species make their way farther and farther into the 
^mentary canal of their host and into the glands which open 
into it, and even into the air-bladder of fishes and into the 
body-cavity of their host. Although the ectoparasites, or 
thosh which live on the outside of fishes, are naturally asso¬ 
ciated with aquatic life, the more deeply seated flukes are found 
in all groups of vertebrates, and with some exceptions, such as 
the liver-fluke of sheep and the Bilharsia of man, they do not 
cause very serious damage.' It would be very much against 
their own interest to kill off their host, in and on which they 
live. Being, as they are, fixed or sessile —“ for their strength,” 
like the people mentioned by the prophet Isaiah, "is to sit 
still"; they have lost the organs of movement. Glia have 
diisappeared in the Trematoda, and so have the muscles which 
enable free-living Turbellaria to swim so gracefully through 
the water. Their muscular system is indeed degenerate, for 
they have no need to go in search of food : the " pleasure of ,■ 
the dhase " is denied them. They subsist upon the mucous 
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or other secretions of the alimentary canal of the ani«mla 
they inhabit, their diet varyine with the position they have 
taken up in the body of their host. Living as they do in t^ 
dark and in the higher vertebrates in the warm recesses of 
their host, surrounded by food, they have lost their sense*- 
organs and their nervous system is at a minimum. They 
have evolved a condition of things which is very largely centred 
in the reproductive s}rstem, for the chance of their young 
hitting the right host is very small. Hence it is absolutely 
necessary for them to possess a highly developed system of 
reproductive organs, and to lay an enormous number of eggs, 
which, with few exceptions, must be fertilised. In the para¬ 
sitic species, as a rule, eggs are produced from which issue 
larvse, which do not grow direct into the adult form, but 
produce by budding other larvse, so that from one egg we may 
liave hundreds of larvae formed by buddii^. But, ultimately, 
the last form of these larvae seeks a second host. For instance, 
the larva of the sheep-fluke takes up its home in a snail that 
frequents the water-meadows of most temperate countries. 
When this snail is cropped up by the sheep with the grass, the 
larva develops in the sheep’s alimentary canal into a young fluke 
that makes its way into the liver. Thb double host—sheep 
and snail—^increases the odds against any single egg producing 
a final survivor. For twice in its life-history the Tremat^e 
has to hit the right host, and this enormously augments the 
chances against its attaining maturity. We have thus seen 
the process of evolution at work producing parasites, un¬ 
doubtedly a downward step, but still a step in the evolution 
of effective parasites. 

The transition between the flukes and the tapeworms is 
almost equally gradual. But here we shall find evolution 
has produced an even greater effect upon the body. Tape¬ 
worms are exclusively internal parasites, and with one excep¬ 
tion reside in the alunentai^ canal of the Vertebrata. They 
may be a few millimetres in length or they run into metres, 
almost as long as a cricket pitch. This great length is due to 
the need for producing an incredible number of ova. Thb is 
brought about by the body consbting of an enormous n um b e r 
of “ segments.” There may be many hundreds of these, each 
packed with eg^, and the hinder one b always dropping off 
and passing out of the alimentary canal of its host, whUst new 
ones are always being formed at the other end behind 
head. The whole creature behaves as if it were a recuntbiff 
decimal. Each of these ” segments ” b almost a aingli^ Indi¬ 
vidual, though the nervous system and the excretory system 
are coipmon to them all. Tapeworms have to anchor tbcsa- 
selves to the sides of the wall of the alimentary canal or thb 
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pttaiitolsis of the intestinal walls would expel them, and this 
tiiey do bv the suckers they have developed, and by the crown 
of hooks borne on the head. 

On their evolutionary path towards the perfect parasite 
the tapeworms or Cestoda nave attained a stage further than 
the flukes, inasmuch as that they have completely lost their 
alimentary canal, of which no trace exists either in the adult 
or in the larval forms. They live by absorbing through their 
skin the semi-digested liquid food of their host. Their body 
has become flattened so that it lies against the internal surface 
of the intestine of their host like a stamp on an envelope, and 
it has no projecting processes which might help in dragging it 
away as the food passes along. The most elementary form of 
tapeworm belongs to a group known as Cestodariidae, and here 
the body might easily be taken for that of a Trematode or 
fluke, for it is not divided into any segments, and has only 
one set of reproductive organs. One of this group is the only 
Cestode found outside a vertebrate, and it occurs in a minute 
fresh-water worm. Allied forms occur in the sturgeon and in 
other fish. 

Another sign of degenerative evolution is the fact that, as 
a rule, the eggs do not pass out of the segment discharged 
from its host on to the earth by any definite channels, but as 
the segment wriggles about on the earth it gradually undergoes 
a dissolution and the eggs are left behind on the grass or earth. 
In this way the eg^s of a conunon human tapeworm are dis- 
pei 4 ed, and if a pig be rootling about in the earth some of 
the ova will pass into its alimentary canal, the eggs will hatch 
out and bore their way into the muscles of the pig, and the 
meat of this particular pig is known as " measly.” Should 
meaal^ pork be eaten insufficiently cooked, as is often the 
case m Central Europe, the larval tapeworm will grow into 
the adult in the intestine of man. 

Two other groups of organisms which have evolved a 
profoundly parasitic habit and structure are some minute 
creatures possibly allied to the flukes. Here, again, there is 
DO alimentary canal and no trace of it. These oiganisms 
are grouped together under the uncomfortable names of 
DtCYSXtDJB and Orthonectida, and they live parasitically 
hiside free-swimming Turbellaria or in the ladneys of cuttlefish 
or the brood pouches of brittle-stars. In the first group these 
ndcroscopic animals have a single layer of ciliated cells sur- 
rc^ded by a central mass of homogeneous ceUs, some of 
wldiffi form eggs or ova. In the second group th«:e Is a central 
of proto^asm not divided into cells, with nuclei scattered 
It. In this mass both eggs and spermat(»oa are 
aitlttiiMy formed, but in different individuw. The 
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uadmal consists of so small a number of cells that they can 
be counted. It may be mentioned that the laying of the eggs 
is accompanied by the dissolution of the mother’s body, a not 
uncommon price paid by maternal parasites. 

Nematoda, or Round-worms 

Another lai^e group of animals which show a progressively 
degenerate development are the Nemathelminthes. They 
usually have separate sexes. There arc three main groups. 
The Nematoda, or thread-worms, is much the largest of the 
three, and its members exhibit a great variety of life-histories. 
For instance, there are forms which live in both a larval and 
an adult condition in water or in the earth or in decaying organic 
matter. A second group of examples are the round-worms, 
which cause so much damage to wheat and to tomatoes and 
other plants. Their larvae live in the earth, and their sexual 
forms in plants. The reverse happens in still another group, 
where the larvae live in animals, and after their death and 
decay they are set free and develop into sexual adults in the 
earth. Or both larval and adult male and female may pass 
their life within one animal. There are still other varieties 
of modes of life which space does not permit our mentioning. 
All these parasitic round-worms are devoid of certain organs 
usually associated with a free life. They have no organs of 
locomotion or of sense, except certain tactile papillte, and the 
nervous system is very simple; but there is a tremendous increase 
in the powers of reproduction. A great number of eggs are laid ; 
the parasite may at some time of its life reproduce parthenoge- 
netically, but asexual budding and fission are unknown.in this 
group. It has been calculated that a single Nematode may 
produce over 60,000,000 eggs. This enormous reproductive 

e )wer is necessary if the offspring are to find the right host. 

ematodes show perhaps less trace of parasitism than the 
other two groups of Nemathelminthes. But the elongated, 
thread-like body and the structure of the cuticle enable 
them to wriggle about freely in the soft tissue of the host and 
to attain tlmt part where they wish to live. They have, 
further, a great power of resisting desiccation. They may be 
dried up for months, and even years, and resume their activity 
on being moistened. Their great success as parasites is furthi^ 
shown by the very great vanety of their life-history and by the 
great number of species. 

One of the most highly evolved parasites amongst the Nema¬ 
todes—^;hat is to say, the species which has lost most of its 
normal features, and has become but a sac of ova orsperina- 
toaoa—^is Atnuitotuma, which lives in the body-cayity of a 
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CeddomYid fly. At the time of sexual maturity the uterus 
and vagina undergo a prolapsus^ and are pushed out from 
the hinder end of the body. This swelling increases until it 
first ^uals the rest of the body of the Nematode in size. This 
condition of things is carried still further in a species known 
as Sphamlaria, which lives in the body of the bumble-bees.* 
Here ^ the prolapsed and evaginated sac grows with great 
rapidity and in a few weeks it has increased in length from 
0*25 mm. to 15 mm. and its volume has increased 6o,ooo-fold. 
Curiously enough, according to one observer, this great increase 
in growth is due to the swelling of the individual cells and not 
to their multiplication. The female which has produced this 
abnormal growth gets relatively smaller and smaller until it 
looks like a tiny hair attached to a skein of wool. It finally 
drops off. The sexual larva arising from the eggs in this sac 
leaves the body of the bee by means of the alimenta^ canal 
and lives in the damp earth and moss without taking any 
nourishment until the time comes when it becomes sexually 
mature. The fertilised female makes her way into a bumble¬ 
bee’ net in the autumn, and this accounts W the fact that 
it is the queen bumble-bee only that is infected, for the 
workers and males are now moribund or dead. Like other 
parasite its presence affects the fertility of the host, and no 
infected queen-bee ever gives rise to a new nest. The common 
genus Heterodera, which gives rise to galls on beetroots, is 
another example of the female becoming simply a rounded 
mass of eggs ; these give rise to larvae which ultimately escape 
from the uterus and very justly cause the death of the 
mother. 

TTie second group, the Nematomorpha, are sometimes known 
as Hair-woms. They may be seen swimming about in fresh 
water, having emerged from the body of insects in which the 
larval stages have been parasitic. Both in this group and in 
the Nematoda the alimentary canal is formed of a single layer 
of ceUs and it is very rare to find anv food in its cavity. In 
one member of the Nematomorpha the mouth is minute and 
bpeitf^ into a fine tube which pierces through the substance 
df a aini^e cell; but the lumen, before it reaches the tail end, 
dwindle away entirely, and there is no trace of an opening 
at the hinder end. Obviously it is developing along the lines 
of disappraring altogether. 

f The third group of Nemathelminthes b the Acanthocephala, 
a^ch occur m the alimentary canal of vertebrates, mostly 
of aquatic habit. On tne fore part of the body there 

* ate Uving aow, or ware living a few jrears ago, in the bodiet of 

taa ,lmirobie«baas, bnild th<dr hives in the grassy mound which supports 
. IKHwt’a Mnilbeity Tree in the garden of Quiet's CoUcge. 

■■r" , 4 » 
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«re sweral rows of bent>back hooks which firmly fasten the 
parasite to the tissues of the intestine of the host. Tlie outer, 
skin has suffered a degeneration and consists of a mass of 
protopl^m with no cell limits ; in this mass occur a number of 
amceboid nuclei, which creep about. With the exception of a 
few sensory papillae, all sense org&m have disappeared. All 
traces of alimentary canal have ^solutely gone, and like the 
tapeworms these creatures live entirely by absorbing through 
the skin the nutritive and partially digested food of their 
host. 

The remarkable fact that cUia are not found in the Nema- 
toda and in the Nematomorpha may be associated with their 
parasitic habits. But cilia are also absent in the great group 
of Arthropods (Insects, Spiders, Crustacea, etc.), which have 
some parasitic forms, but not many in comparison with their 
enormous number of species. 

Crustacea, or Crabs, Shrimps, etc. 

The highly developed group of Crustacea affords many 
stril^g instances of degenerative evolution due to a parasitic 
habit of life. The evolution is gradual, and in its earlier staples 
affects only certain organs of the body; but as the paraskic 
Imbit becomes more and more embedded in the host, evolu¬ 
tion leads it into a state where it is little more than a shapeless 
sac of ova or spermatozoa, without the faintest resemblance to 
an ordinary t3rpical crustacean, such as a cray-fish, or a shrimp. 
There are three main groups in which this evolution toward 
the perfect parasite are apparent. The first group is known 
as the Isopoda, and normal members of this group.have a 
t)|^ical segmented body with normal legs and an abdomen or 
hinder part. In the free-living Isojpoda sUch as the woodlouse 
—one of the very few Crustacea which lives on land—^the sexes 
are separate and resemble each other, as they are and do 
in a lobster; but when the creatures become parasitic and 
hence stationary they develop either a marked difference 
in the two sexes or they become hermaphrodite. Certain 
Isopods which are parasitic in the mouth and on the giUs of 
fish are male when young, but turn into females at, a later 
period. In practically all cases the parasites are derived from 
active swimming larvae with fully developed crustacean char¬ 
acters, sensoxy antennae, swimming legs, and so on. If itc 
take the case of Bopyrus, which is frequently found foraxlag 
a gall-like swelling on one side of the thorax of a prawn, the 
actively swimming larvae pushes its w^y in amongst the 
^ its "host. The female larva then becomes a 83 rmmetnej 4 > 
The limbs dwin<ffe on one side, often disappeauing altoid^^t 
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and a large brood-pouch is formed. The males, on the other 
hand, become dwarfs. Still more remarkable parasites are 
included in the family known as. Cryptoniscid.*!. These are 
actually parasitic on the Rhizocephala, which in their turn 
are parasitic on crabs ; and here, with great self-restraint, I 
refrain from quoting Dean Swift. The Cryptoniscid^ are 
also hermaphrodite, being first male and then female. They 
have fully developed eyes and limbs, and attach themselves 
to their host by means of thoracic claws. Ultimately inside 
them a small, gjub-like creature appears, provided with 
but one pair of short stout limbs. The mouth has become 
tubular and piercing, and through it the parasite sucks up 
nutriment which the Rhizocephalan has, in its turn, derived 
from the body of the crab. The intestine ends blindly. The 
eyes disappear, and the heart may also vanish. The eggs 
develop inside the body of the mother and escape by t& 
bursting of its body-wall. A still further complication occurs 
since a second form of male individual is sometimes found 
attached to the female. This is regarded as a male larva 
which, for some reason or other, has been cut short in its 
metamorphosis. 

' A second great group of Crustacea in which evolution 
towards complete parasitism is very common is the Copepoda. 
There is one form known as Argulus, the so-called " fish-louse," 
which attaches itself to the scales of fishes, though from time 
to time it leaves its host and swims actively about. It pre¬ 
sents the following parasitic modifications. The anterior 
antenna forms a hook for clinging to its host, the mouth is 
formed of a large tube with a piercing style, and the second 
maxillse have been modified into large sucking discs which 
help the creature to adhere to its host. The males are smaller 
than the females, but more active, and the eggs are not borne 
by the female in two egg-sacs like those elsewhere found in 
Other Copepods, but are deposited singly on surrounding 
objects. A curious feature in the family Monstrillid.£ is 
that they are parasitic in their larval stage, but become active 
and free-swimming in the adult stage, although even then there 
are no mouth-parts. The mouth is minute, leading to a 
small stomach which ends blindly. The only appendages on 
the head are the first antennae, but there are well-developed 
copepod legs on the thorax which enable the animal to swim 
l|ctively. The egg gives rise to the typical crustacean larva 
known as the Nauplius, which bores its way into a certain 
ittarine worm and comes to anchor in the blood-vessels of its 
host. It then loses all trace of crustacean habit. The eyes 
;^hBappear and the body is reduced to a minute sac consisting 
df more or Ims undifferentiated cells. It then begins to grow, 
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and, of all, produces the second antennae, whidi act as 
nutritive organs conveying the nutriment from the blood of 
the host to the body of the parasite. Later, another pair of 
appendages, the mandibles, ma^ be differentiated and grow 
into lo^, root-like processes which also absorb food. Then it 
leaves its host’s body by rupturing the body wall and leaving 
behind it the modified mandibles and second antenna. Another 
parasitic family is the Dichelestiid.£. Here the male and 
females are both parasitic on sponges, ascidians, and echino- 
derms. The segmentation disappears, the thoracic limbs 
become formless, fleshy lobes. The mouth becomes a smhon 
with piercing stylets which represent the mandibles. These 
creatures live for the most part on the gdls of various fish. 
Other parasites found in the same position belong to the 
family EncASiLiOiE. Here the second antennae become claw- 
Hke, but there is no siphon, and the body loses much of its 
segmentation. Perhaps the Chondracanthid.£ present the 
most extreme forms of parasitism. These, again, live in the 
gills and in the mouths of certain fish, such as the gurnet and 
plaice, skate and sole, and many others. The female loses 
almost all trace of crustacean origin. Its body is produced 
into lobe-like, sometimes forked, projections. As is the case 
in the Grripedes the males are pigmies and may swim about 
independently. The female does not evolve its peculiar 
degenerate form till after it has been fertilized, when it in¬ 
creases in size and becomes little more than a lobed sac of 
ova. The lobes to some extent represent the appendages. 
In the Caligid^, which are ectoparasites in the gill-chambers 
of fishes, the males are smaller than the females and were for 
a time regarded as of a different species. The Lernaiidje 
have lost even the faint traces of segmentation shown by the 
Chondracanthid.£. The females, when-adult, have processes 
which break up into terminal branches and they burrow deep 
into the skin of their host, being found in the body cavity or 
even in the blood-vessels. The female body becomes a shape¬ 
less mass, but it still retains that constant character of the 
Copepods, the two egg-sacs. In the LERN^opoDioiE, comnUon 
enough on perch or trout, the two maxillipeds of the females 
have fused their tips, forming a homy pad which is embedded 
in the host. 

But enough has been said to show that in the O^poda 
there is a marked evolution from an active, free-swimming 
organism with all the characteristics of the crustacean lai^ 
to a degraded sac of ova “ without form and void,” but fi^ a 
central mass of ova. 

A third group of Crustacea which shows a marked evolution 
towards a parasitic mode of life and its correspondlqg ldt«^ 
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tions in the normal structure of the animals is the order Cirri- 
pedia, or barnacles. This is the only ^roup amongst the 
Crustacea that has uniformly become sessUe—that is to say, 
the adults have lost their powers of movement and have 
become fixed, either by a broad base or by a stalk. Sessile 
animals usually show certain modifications which are well 
marked amongst the barnacles—to use the common name of 
this group. The larval Cirripede is a typical nauplius with 
three pairs of appendages, a median eye, and an alimentaty 
canal. The nauplii of this group are characterised by a long 
process projecting from the body, conspicuous amongst which 
are the so-called frontal horns. This larva changes, as so 
many nauplii do, into a secondary larval form known as the 
cypris stage, from its resemblance to that genus amongst the 
Ostracods ; and it is in this stage that the animal fixes itself. 
The nauplius swims freely near the surface of the sea for some 
days and thus serves to spread the species. The C5rpris stage 
is also motile, and it swims about by means of six pairs of 
bifurcated thoracic legs until it finds a favourable position 
on which to fix itself. In the case of Lepas, the stalked barnacle, 
this is generally found on the submerged parts of a ship or of 
floating logs. The bifurcated swimming legs are then cast 
off and are replaced by six pairs of “ biramous cirri.” The 
C3rpris fixes itself by means of the first antennae, at the base of 
which there is a large cement gland secreting a sticky sub¬ 
stance. Two lateral folds grow out which ensheath the body, 
leaving a slit along one side, and in these folds various cal¬ 
careous plates are formed. The folds can be bent apart and 
the biramous cirri protruded. It is by their movement that 
food is brought towards the mouth. In fact, as Huxley said, 
the animal is standing on its head and kicking its food into 
its mouth by its legs. In all cases the abdomen is very reduced. 
Corresponding with the fixed habit of life there is evolution 
towards the simplification of structure. The animal that is 
inactive does not need sense organs, and, as a rule, the eye 
of the nauplius tends to disappear in the adult barnacle and 
quite disappears in most cases. Sense organs are at a dis¬ 
count, the cnief ones left being the sensory hairs on the biramous 
cirri. In the stalked species no gills are developed, and in all 
forms the heart has disappeared and the circulatory system is 
poorly developed. On the other hand, reproductive oigans 
are. conspicuous and like many other sessile animals the bar- 
nades are hermaphrodite. As a last resort they can fertilise 
thdr own ova with their own spermatozoa. 

Rut parasitism has produced even greater changes in 
certain genera. One widely distributed and large genus, 
Sedptthm, lives at great depths m the ocean fixed on to corals. 
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empty shells, rocks, or colonies of Polyzoa or hydroids. 11 i& 
has developed three kinds of modes of reproduction: (i) The 
hermaphrodite: individuals self-fertilize each other, (a) In 
the ^eat majority of species, including Scalpellum vulgare, the 
individuals are hermaphrodite; but there are present inside the 
valves in a little pocket a varying number of minute males, 
almost microscopic. These minute males have developed such 
a degree of parasitism that the most highly developed—or, 
rather, the most highly degenerate—forms are little more th^ 
bags of spermatozoa. But there are different stages, and in 
another species the males retain to var5dng degrees the ordinary 
organs of the adult, but always in a greater or less degree of 
degeneration. (3) In a few species of Scalpellum the indi¬ 
viduals are dioecious, *.e. the females bear on their bodies 
dwarfed males. In another genus known as Ibla there are 
even smaller dwarfed males which retain their second antenna: 
partly embedded in the body of the female. These have 
retained two pairs of their thoracic cirri, and eyes are still 
recognisable. Here the development towards parasitism is 
not so great as was the case in the Scalpellum. Then, again, 
in another species of Jbla we find hermaphrodites which still 
harbour within their mantle complementary males. Members 
of the order Acrothoracica burrow into the shells of molluscs 
or into coral rock. Here, again, the sexes are separate, the 
female having a number of teeth by means of which she bores 
her burrow, and she is attached to the sides of the cavity by 
means of a homy disc, and it is upon this disc that the dwait 
complementary male, which has lost all its organs but its 
reproductive S5rstem, is fixed. 

But themost remarkablecase of hermaphroditism in bamades 
occurs in a m-oup known as Rhizocephala.- It is less than 100 
years ago that the crustacean nature of barnacles was demon¬ 
strated. Before 1830 these animals were grouped amongst the 
Mollusca ; and it has taken all this time to work out what little 
we know about this order. The Rhizocephala are parasitic 
on other Crustacea, some infesting hermit crabs, others shrimps; 
and for the most part they are solitary. They begin life as 
an ordinary nauplius form with its frontal horns. This is 
followed by the typical cypris larva, and it is this stage which 
turns into the very remarkable creatures which live half em¬ 
bedded in the tissues of their host. In the case of SacaMna 
the nauplius has no alimentary canal, and neither has its 
form. This latter, after living a free existence, seeks mit a 
crab, and by means of hooks on its antennae attaches itself to 
a hair «on aiw part of the crab’s body. The antemue dum 
pierce the soft area which suri-ounds the base of such a hflht, 
and from its body exudes a small mass of similar cells 
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passing down the antennae, enters the body of the crab. Here 
It reaches the blood’^tream and is carried along till it arrives 
at the intestine of its host in the neighbourhood of the thorax. 
It attaches itself to the intestine, and proceeds to throw out 
roots spreading like the roots of a tree. These roots penetrate 
or permeate all through the body of the crab, embracing all 
oxgans which are not absolutely vital, and through uem 
nutriment is absorbed. After a time a ” central tumour,” as it 
is called, grows put from the roots towards the lower part of 
the intestines, and in this tumour the future organs of the 
adult become established. A mantle cavity is excavated, and 
whilst the ” sacculina interna,” or the roots, retains its position, 
branching all over the body of the crab, the central tumour 
protrudes to the exterior at the point where the thorax 
and abdomen join. It presently causes deterioration in the 
epithelium, or skin of the crab, so that when next the crab 
moults a small hole is left in its integument. Through this 
the so-called ” sacculina externa ” projects. Having once 
established itself, by some action, probably chemical, the 
moulting of the crab is brought to an end. Otherwise, at the 
next moulting the ” sacculina externa ” would be tom from 
the ” sacculina interna.” This amazii^ metamorphosis is 
difficult to explain. How the animal finds its way to a hair 
of the crab, how the undifferentiated mass of cells reaches the 
exact spot it wishes to attain before the branching begins, 
and how the ” sacculina externa ” comes to the right position 
for extrusion, are matters of speculation more than of know¬ 
ledge. 

Rhizocephala are, with one exception, all hermaphrodites, 
and they reproduce by a continual cycle of self-fertilisation. 
One of the most remarkable features about these parasites 
is that they have a great influence on the sexual activities 
of their host. The generative glands of the crab become 
reduced or modified, and the secondary sexual characters are 
dianged ; 70 per cent, of male crabs infected with Sacculina 
take on the external characters of the female. The abdomen 
beimmes broad and egg-bearing appendages become developed. 
On the other hand, the chelae are markedly reduced. Yet the 
fimiale crabs whidi are infected by the parasite show little 
dmnge, and beyond the degeneration of the ovigerous ampen- 
dages mey do not develop any male characteristics. If the 
Saeeulina be removed from the crab there is a great tendency 
for the latter to return to its normal condition. But the 
males, instead of developing only a testis, develop an hernia^ 
phi^ite gland which produces both ova and spermatocoa. 
But in the case of a female crab male cells are not develbped 
the parasite b removed. 
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Insscta, or Insbcts 

The highest class of animals which has developed in a 
backward way into parasites is the Insecta, and parasitism 
is met with in many of its orders. As a rule the female lays 
the e^ in the body of the host, and from this the larval grub 
will emerge, but in the case of vertebrate hosts the eggs are 
often fastened to the hairs or feathers. In many cases para¬ 
sitism in an insect is associated with the entire absence or 
feeble development of the respiratory system, and in that case 
the parasites derive, their oxygen from the blood of the animal 
in which they are living; but in some cases, as in the round- 
worm, the tapeworm, or the larva of the bot-fly, which lives in 
the oxygen-free contents of the alimentary canal of man, horses, 
or catUe, etc., the necessary energy is produced by the brealdng 
down of glycogen obtained from the host. 

We Imve already alluded to the semi-parasitism of the 
flea and the louse. In the latter insect, as also in bird-lice, 
which live on the cuticle or feathers of birds, the eyes are 
greatly reduced and in some are even absent. In the case 
of the Coleoptera, or beetles, a hypermetamorphosis may occur 
—which lo^ word indicates that the larva passes through two 
or more different larval stages—^nerally associated with a 
change in the surroundings. This is the case in parasitic 
beetles of the family Staphylinid2S —devil's coach-horses— 
and in many other insects. The last-named family includes 
more than 13,000 species, usually small and inconspicuoiu. 
The larvae are usually somewhat like the well-known silver 
fish and in one genus, AUochara, the newly hatched larva gnaws 
its way into the pupa of certain Diptera, or true flies. It. then 
undeigoes a metamorphosis and changes into a cylindrical 
grub which is less active than its forerunner, and shows 
many obvious traces of degeneration. Many of the family 
RHiPiPHORiD.fi: have larva: which are parasitic upon other 
insects. Metoems is common in wasps’ nests. Its neady 
hatched larva, which is black in colour, emerges from the eggs 
which have been laid on old wood and may be conveyed to 
the wasps’ nest by the active wasp imago, ft burrows its vmy 
into the body of the wasp larva and gradually devours^ the 
whole soft tissues of its host. It then penetrates into the 
** cell ” in which its victim lives, and as many as twenty or 
more may be taken from a single nest. Other specif of 
the same family attack other wasps. Symiius is an eb^ 
parasite of the so-called " black beetles,” ttough they coa 
neither black nor are they beetles. The female retaW her 
larval shape, and is without wings. It passes its whede life in 
the body of its host, ; V . 
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There is a somewhat isolated group of insects known as 
the Strepsitera, which are parasitic in the bodies of bees and 
wasps and bugs. These extraordinary insects are by some 
authorities classed with the Coleoptera. Their life-history is 
as follow. The eg®, whilst still within the body of the mother, 
which, it must be remembered, is a parasite shut up inside 
the body of some h)rmenopterous or hemipterous host, gives 
rise to a small, active, six-legged larva, known as a “ triun- 
gulin," so-called from the three processes at the end of each 
tarsus. 

A single mother may give rise to many hundreds of these 
microscopic, active larvae, which find their way on to the out¬ 
side of the body of the host. Sooner or later they reach the 
larvas of the host, and, boring their way through the skin, enter 
these larvae and commence to feed on their fat body. When 
the host's larva pupates, the larval parasite pushes one end 
of its body through the soft membrane uniting two of the 
abdominal segments. When the host emerges as a perfect 
insect the parasite, if a male, leaves the body of its host through 
the integumental membrane and flies away in search of a mate ; 
on the other hand, the female parasite remains in the host’s 
body with the head and thorax projecting between two of 
the abdominal segments. She is wingless and legless, being 
little more than a bag of eggs giving rise to active larvae which 
escape into the brood-pouch, a space between the ventral 
.surface of the body and the persistent larval cuticle, even¬ 
tually gaining the exterior of their host via a brood-canal. 
“Ihe male seems to live but a very short time—^in the case of 
Xtnos about twenty minutes—whilst the male Stylops lives a 
day or two, the whole time being spent in a feverish and frenzied 
search for mates. As a rule but one Stylops^ or at most two 
or three, live in one host; but they are extraordinarily prolific. 
Ten specimens of Xenos have, however, been found in the body 
of one wasp, Polistes. Some observers maintain that partheno- 
goiesis is met with in this Order, but the matter r^uires 
iurther investigation. The larvae probably leave their host 
when the latter is on flowers or in the nest. The bodies 
appear to be nourished by the nutritious juices of the host, 
mtmng through the very delicate skin of the parasite. Both 
iude female bees, etc., may be attacked ; but the female 
Asems to be the most frequent victim, and the presence of 
. parasite apparently affects the secondai^ sexual organs, 
itkiy much as is the case with the parasitic crustacean In 
'itietf the females have the pollen-collecting apparatus dimio- 
iihed and tneir hind-legs resemble those of the males. Thw 
cplour usuallv changes to that of the male, and the ^ing is 
Altortssled. The reproductive appatatus of the male is reduced. 
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Biany genera pf Hymenoptera—bees and wasps—are para> 
sitiCj and are then nequently capable of both sexual and 
parthenogenetic reproduction, the latter method generally 
nving rise to males. At least half the family known as the 
CynipidjE —gall-flies—are parasites, and the whole of the 
IcHNEUMONiDAE and the Proctotrypid.£ and almost all the 
Chalcididje. Associated with this habit of life is the phe¬ 
nomenon Polyembryony, which means that the embryos divide 
by repeated budding until from one egg one may get as many 
as a hundred or more embryos just as was the case in the 
flukes of Trematoda, Each of these young embryos may 
develop into a larval parasite, pupate, and develop into males 
or females. This accounts for the fact that in some cases 

S ore than ^,000 parasites have been seen to issue from the 
rva of a single moth. 

The Cynipid/e lay their eggs in plants, and their presence 
induces the formation of gaUs such as the well-known oak- 
apple. They are generally provided with a long ovipositor 
which pierces the tissue of the plant, and some species wil} 
lay their eggs in the galls whose existence is induced by other 
^cies. Other members of the family lay their eggs in a 
peat variety of insects, chiefly on plant-lice or in the larvse 
of flies. Many of the Cynipidje are parthenogenetic, and in 
some species no males have ever been seen. The larvae are 
ma^ot-like, and have lost all their legs. The pROcroTRYPiDiB 
again pass the earlier sta^ of their life inside the body of 
other insects. They are minute, and lay their eggs occasionally 
in spiders. Some are aquatic, and infest the larvae of dn^n- 
flies. Polyembryony exists also in this family and aids in the 
increase in the number of specimens. The larva is very re* 
duced, and in the species known as Platygaster has become 
rather like the typical nauplius larva of the Crustacea. This 
larval form changes into an almost unse^ented oviform 
larva devoid of all appendages, and this again champs into a 
grub-like larva. All these stages live in a minute fly knosm 
as Cecidomyia, The group contains some of the smallest of 
insects. Then there is the family CHALcixuojE, which 
often brilliantly coloured. Many of these abo live in jplattt- 
galls, feeding on the larva of the gall-makers. Others attack 
cate^illars, and others again onljr pupe. The female of Ltm- 
cospis attacks Mason Bees, piercing throt^;h the hard cefl hi 
that creature. Only one parasite can live in the bee lam, 
although by a mutaken waste of material often nicms thka 
one egg b deposited. The larval form is a slightly segmait^d 
grdb, rather arched, and it moves about by means of bristto* 
It seems to suck the juices out of its host, for whilst the 
aapis larva grows tlm bee larva shrinks shiiv^ bht 
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not for three or four months. After this the larva will 
remain for nearly a year in the bee’s cement cell. All these 
insect larvse have evolved traces of the complete parasite— 
that is to say, they lose their locomotor and sensory organs 
and have devised several methods for increasing their repro¬ 
ductive activity. 

Acarina—Mites and Ticks 

Most ticks are ectoparasites for a lai^e part of their life, 

E iercing with their sucking proboscis the skin of various verte- 
rates whose blood they suck. Like other blood-suckdng 
animals, they frequently distribute disease. 

Many mites are parasitic or semi-parasitic. The harvest- 
mite is a little creature of a brilliant scarlet colour, the cardinal 
of the mite world, with a beautiful satiny sheen decorated 
here and there with black spots. The adults feed upon insects 
and other mites. It gives rise to a great number of eggs. 
An enormous number of six-legged larvae emerge from these 
and swarm all over the grass ready to attack any warm-blooded 
animal. They pierce the skin by means of a proboscis and 
their presence produces acute irritation. They can be dis¬ 
lodged by appi3ring a drop of petrol or benzine, both very 
inflammable. If they are pulled oflF the proboscis remains 
behind and may set up further trouble. Others which live 
amongst cereals are very apt to attack labourers who are 
dealing with grain. There is, further, a considerable series of 
mites which, as adults, burrow in the skin. One known as 
Dtmodex inserts its whole body in the sebaceous glands of 
mankind and other mammals. It has become very elongated, 
and the hinder part of its body is ringed. Unlike other mites, 
it is five or six times as loi^ as it is broad. It is very small, 
and its legs are reduced to short stumps. It appears on the 
skin as a mnd of black spot which may occasionally be observed 
on people’s noses or in the passages leading into the ear. Then 
«e have the itch-mite, Sarcoptes, which gives rise to a definite 
disease. These creatures pierce a tunnel in the skin and the 
fertilised female resides at the deepest end of the burrow, along 
vdiich thb eggs gradually get pushed towards the outer opening. 
The most advanced in thw development are thus those nearest 
the external orifice. As the burrow is narrower than the 
length of the mother’s body she cannot turn round and escape, 
but she does not seem to mind that; still, as a matter of fact, 
she is simply dicing her own grave, as she can never escape. 
They ere said to live for two or three months and to lay two 
a day, and the eggs are very big. There are also a large 
iiniiinber of endc^aramc mites. You can find mites living 
ihi' ilie body-eavtty and air-sacs of birds. Oilers with a Idiq; 
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name, Nephropkages, inhabit the kidnejrs of man, or at any 
rate, of a Japanese man. One of the most curious parasites » 
a bird’s feather mite, which lives in the hollow quill; and 
another causes much damage amongst chickens by producing 
a leg scab which is a great worry to poultry keepers. Many 
others attack plants. 

Both ticks and mites which live parasitically are modified 
by the acquisition of organs of attachment; their legs often 
end in suckers and their proboscis is armed with curved teeth. 
Still, on the whole, they do not show any very striking diver¬ 
gences from ticks and mites which live freely, and, after all, 
most members of this class pass part of their life in the open. 

Mollusca, or Mussels, Snails, etc. 

Amongst the Mollusca there are far more parasites than 
one would expect to find in so highly organised a group. It 
is difficult to draw a line between the true parasite which 
nourishes itself by eating or absorbing the tissues or fluids 
of its host and the commensal, which simply lives on its host 
and shares its food supply, but does not devour any portion 
of its body. Many boring molluscs make channels in spon^^es 
and corals, frequently adopting the colour of their putativfe 
host. One does not know whether they eat their softer parts 
or whether they share the food supply which is drawn to the 
sponge or coral. Others are parasitic on Echinoderms, piercing 
the tissues by means of a long proboscis and sucking up the 
digested and elaborated juices of their host. These occur not 
omy amongst the sea-lilies but amongst the star-fish, whose 
comparatively soft skin renders them a convenient ptey for 
the parasitic molluscs. As a rule, the proboscis of the mollusc 
is long and often furnished with a sucldng pharynx which 
pumps the food into the parasite. Other forms penetrate into 
the body. Several species are found on the brittle-stars, and 
sea-urchins also harbour others. Perhaps the sea-cucumbers are 
the greatest sufferers, a number of veiy curious forms making 
their home within the bodies of these Holothurians. Some 
have evolved such a long way towards the completely parasitic 
habit and structure that it is difficult to assign them their 
right position in the molluscan scheme of dassmcation. One 
form, Entoconcha, is fixed by its mouth end to the blood-vesscds 
of certain species of Synapta, Another similar genuf has its 
head attached to the muscles of another sea-cucumber. 
There is a small bivalve which is common enough between 
the tide-marks of Zanzibar. In its gullet is found a small 
mussel, Eniomhfa. This animal is very large fm its* 
which seems almost rudimmstary. In the aJ&mentttfy cat^ m 
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the same animal lives a small univalve not moving about, but 
to a portion of the stomach-wall by a long proboscis 
which i)ierces into the body cavity of the Holothurian. The 
proboscis is nearly three times as loi^ as the body of the 
parasite and beset with sharp hooks which retain it in its posi¬ 
tion. Other degenerate molluscs have been found under the 
scales of a species of “ sea-mouse," one of the marine worms. 
The cohimon shore-crab, Carcinus, harbours a mollusc, but 
whether it lives on the tissues of its host does not seem quite 
clear. Molluscs frequently inhabit members of their own 
class, but in many cases this seems to be more for protective 
purposes than for actual nourishment. Ascidians also are 
attacked, certain molluscs laying their eggs on one of these 
degenerate animals, and others occur embedded in the test of 
a species of Ascidia and other allied species. Parasitic molluscs 
undergo the usual evolution that parasites pass through. They 
lose their colour and are often transparent, or are of a some¬ 
what milky-white appearance. Absence of light may account 
for this. The two species which have been mentioned as 
living in the muscles and blood-vessels of Synapta have lost 
all traces of rwpiratory and circulatory organs and their 
nervous system is unknown. A suctorial apparatus reinforced 
by the presence of hooks helps to maintain the parasite in the 
position within the host it is infesting. Losing any need to 

S ove about, in many cases the" foot " has disappeared, whilst 
le proboscis may become enormously elongated, and eyes are 
f;enerally wanting, but not always. The radula, or tongue, as 
it is called in molluscs, may entirely disappear or become 
maricedly modified. All these parasitic molluscs can be derived 
firom free-living and normal species, but evolution has produced 
in them marked modifications which tend to an increased 


adaptation to a lazy life. 

Fresh-water mussels have a very peculiar life-history, for 
their larva becomes for a time parasitic in fishes. The eggs 
are laid in the spring or summer, and make their way into the 
spaces in the outer g^ of their mother. Here they undergo 
the first stage of their development, which takes two montlra. 
They now develop into a larval form known as a Glochidium, 
wad are ejected m a stream of mucus with the water which 
has been used for breathing. They are especially apt to be 
Recited when fish come into the neighbourhood of the mother. 
Mch glochidium possesses a bivalve shell with a very strong 
piefci^ hook on the edge of each valve. There is a transverse 
fnnsde which brings the shells together, and a long filament 
or ** byrniis " which seems extremely sensitive to the presence 
M fish. For the most part they lie at the bottom of the wmstf 

tlw mud. But should a fish come in contact with thtoi 
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Jtt^y'iiiecomtt vidlently e^cdted and make every effort to lo(%e 
'themselves on its nos or gills. Should th^ succeed they 
gradually become embedded in its tissues, and renmin there 
from two to five weeks, after which they make their way to 
the outer waters and grow up into young fresh*water mussels. 
Of course, a very high percentage of them never reach their 
host and" perish miserably in the mud. How they detect the 
presence of the fish, whether by smell or by contact, does not 
seem quite clear; but the tail of a recently killed stickleback 
put into^ a watch-glass containing glochidia thro'ws them all 
into a wild agitation which lasts for some seconds, and then 
they app^r exhausted and lie placidly writh wridely gaping 
ehells. Fish show a marked dislike for these little larvae, and, 
if they venture to eat them, invariably spit them out with 
emphasis. 

Vertebrata 


Amongst the Chordata (Vertebrata) there are very few 
par^ites, and they are confined to the fishes. There is a 
family of bony fishes known as Fierasferida which have elon- 
ratec^ attenuated bodies with a tail without the raudal fin. 
There is only one genus of this, with about ten species, and its 
larval form, which was at one time mistaken mr a distinct 
species, is known as Encheliophis, and it is without pectoml 
fins. The adult Fierasferit spends the greater part of its 
life inside the Holothurians, or sea-cucumbers. It retains an 
embryonic condition of its kidne3rs. Itiis fish lives in the 
alimentary canal, or the respiratoiy tubes of sea-cucumbers, 
or in the alimentary canal of star-mh, and sometimes within 
the shell of the pearl-05rster. Occasionally the peariroystw 
gets its revet^e and buries the young in a mother-of-peail tomb. 
They are said to be harmless, and they protrude their head 
through the posterior end of their host and do not apparently 
feed upon the juices of the latter. Some authorities, however, 
r^ard the larval form of Encheliophis as a true parasite, feeding: 
on the viscera of the Holothurian in which it lives. One other 
European species of fish is regarded as a true parasite. This is 
Rhodeus, known as the bitterling of Central Europe. Ihe 
female, by means of a laige ovipositor, deposits herjeggs axfiox^ 
the gills of fresh-water mussels. These eggs are fertSk^ 
by spermatozoa of the male swept in with the breathing tne 
food current of the bivalve, and they complete their devdob* 
ment smrounded by the filaments of the gilte. The femiik 
ovipositor is nearly as long as the fish itseff, and the qgg| k 
lays are remarkably large. The lame live in the. mollu sc/l^ 
about a month and escape as yoiung fisH lo or 11 mmu 
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retrenge t>n fi»hes; at we have seen above. A curiously modiiled 
form of Silurid fbh is the Siegophilus, which is alUed to one of 
the most dangerous fish of the Amazons. For the latter infests 
ih the urethra of people bathing, ahd it b impossible to extract 
It owin^ to the erectile spines which are its ^[ill-covers. The 
SitgopMlus, parasite-like, has lost its colour, It is some 30 or 
40 mm. long, and lives parasitically in the ^1-cavities of H 
large cat-fish. It has been known to suck the blood in the 
gills of its host, which attains a very considerable size, being 
six feet in lei^h. 

The marine fish known as the hagfish, belonging to the 
same group as the lamprey, b semi-parasitic. It burrowi 
its way into the bodies of bony fishes sudi as the cod, and 
apparently consumes their musdes. 

Conclusion 

In the evolution of parasites we have to consider, first of 
all, the starting-point, and then the end. What sort of animal 
was the parasite before it adopted its deplorably lazyr and 
ignoble habit of life ? And we have to consider what is the 
end factor of thb evolution; what, in fact, b the perfect para¬ 
site. Now in speculations of thb kind we may get some idea 
of the original form from which the parasite has descended 
by the consideration of its nearest allies, those which have 
maintained an independent, active exbtence. In the case of 
the flat-worms we can find the first traces of parasitbm in 
the active, free-swimming Turbellaria, with their eyes often 
quite numerous and of a fair complexity, a nervous system 
adequate to the needs of the animal, and many of them highly 
poured. A very few of these become parasitic, but the group 
b, on the whole, free-swimming, and aquatic, searching for 
food and eniosring the sun. \^en we come to the Trema- 
toda we shall find that there b little or nothing to dbtingubh 
them from the parasitic Turbellaria except the absence of 
motor organs,».«. cilia, and the loss of sense-organs and colour. 
From the Trematoda we can pass to the unsegmented Cestoda 
srith hardly a break, and from them to the segmented tape- 
woims, whidi are amongst the most complete forms of parasite 
we know. 

Another way of orientating ourselves with regard to the 
evcflution of the parasite b to consider its larval forms. In 
some cases they give little or no help; but in a very large 
mimber of cases we can trace riie parasite passing from a 
fr^o-flNriag, happy, ind^endeift exbtence, which it leads in 
stigm, to a riow deterioration by evolution into 
unwholesome adult. In the Crustacea, 
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espedally, we can trace the parasites from the firee-Iiii^ng 
nauplius and cj^ris fcmtns, busy, bustling about in the sea Or 
fresh water, enjoying life and leading a cheerful, healthfrd 
existence with plenty of exercise. These, when they ad<9t 
the parasitic habit of life, lose all their activity and coqse to 
rest in or on the body of some host. External parasites main¬ 
tain to a certain extent their mobility, but internal ones 
become more or less motionless as they evolve further and 
further towards the perfect parasite, and they lose many and 
various organs. Having no need to move, their ojgans of 
locomotion disappear and their muscles are reduc^ to a 
minimum. Living as they do for the most part in the dark, 
they lose all colour and assume an unwholesome pallor. Sur¬ 
rounded as they can be by already elaborated and digested 
fluids of their host, they have no need to capture prey. TTie 
pleasure of the chase is denied them. In the more perfect 
cases the alimentary canal has entirely disappeared, and they 
live on such fluid-food as they absorb through their skin 
into their bodies. Their metabolism is low. They have no 
need to keep up a high tenmerature, for they adopt the tem¬ 
perature of their host. When they have once got to the 
place they wish to be in they frequently develop organs for 
andioring themselves, for the most part hooks or suckm. 
Those that live on the body of their host fi-equently develop 
piercing organs and a sucking pharynx, by means of whira 
blood and other fluids may be pumped into their own body. 

Their chances of hitting the right host are small. Where 
the free-living Crustacea and insects have the whole ocean 
or the air to live in, they have to hit a particular spedes, and 
there are far more misses than hits. Hence everything frt, 
done to increase the reproductive activity. Millions of oim 
are fertilised, and in many cases the egg gives rise to a larva 
which by budding or dividing still further increases the ulti¬ 
mate niunber of the adults. 

In the case of the guinea-worm millions of larvae pass out 
frmm the body, usually the ankle, of the infected man, into the 
water. They are swallowed by a small water-flea or crus¬ 
tacean known as Cyclops, which in its ttim is swallpv^ 
man drinking unfiltered water. The young larva in the body of 
the Cyclops then grows up to form a ^inea-worm, whidhi rtoky 
be six feet long and infests the lymphatic gland, of man. It 
is a common case of " parasites lost and regained." In other 
cases the larvae are active and force their own way into dhe 
body. And here the larvae play a great part in diaseminat^ 
the parasites. The sexual organs dominate the bbdy, and lS^ 
finds a great many arrangements for aidii^ the a^psartimtOiU^ 
to arHve at the ova. Many parasites become hermapiipdite j; 
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«rtihen are parthenogenetic. Sometimes, as in the Crustacea, 
the pairing takes place at an early age, after which the male 
disappears and the female becomes parasitic. Animals may 
be parasitic only in the adult stage, like fish-lice; or, again, 
only when they are young, as in the Glochidia, the larva of 
the fresh-water mussel; or in the well-known hair-worms, 
which live in many insects but get into the water before paiiv 
ing. Or the whole life may be passed in one host, as, for 
instance, the itch-mite, Sarcoptes ; or in two hosts, as in the 
malarial parasite, which never in any circumstances finds a 
place in* the sun, but leads its whole existence either in man 
or in a mosquito. The life-histories of parasites often become 
extraordinarily complicated, and they may lead to the ideal 
stage, which in bi-sexual parasites is a short-lived, generally 
dwarfed, male, associated with a bulky female which is nothing 
more or less than a sac of eggs. 

There are a few groups of animals which never become 
parasitic on others. These include the Protochordata, which 
are the somewhat degenerate forerunners of the Vertebrates ; 
the Echinodermata or star-fish and sea-urchins ; and Brachio- 

? oda or lamp-shells, and the encrustii^ organisms known as 
'olyzoa. In other groups parasitbm is rare. This is so in 
the Mollusca, the Annelids (worms) and the Ccelenterata 
(jelly-fish) and it is ve^ rare amongst Vertebrates. The Crus¬ 
tacea, the Insects, Mites, and Protozoa are frequentlv para¬ 
sites, and the Flat-worms and Nematoda are almost exclusively 
so. There is practically no animal immune from parasites, 
and it is quite possible that the number of parasites is not 
greatly inferior to the number of all the other animals added 
together. 
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THE INDUSTRIAL MEASUREMENT OF 

COLOUR 

By W, G. RAFFfi, A.R.C.A. (London), F.R.S,A.. F.I.B.D.* 

There is one direction in which trained scientific attention is 
highly necessary, to aid industrial methods. It is, indeed, 
somewhat surprising that a more sustained attack has not 
been made on the subject, even though it is one that is full of 
difficulties. We urgently need a fairly simple, convenient, 
and not too intricate method of estimatmg colour for 
industrial purposes. It is necessary that we should be able 
to have an exact symbolic equivalent for any colour, in the 
same way that we have such symbols for so many of our 
other industrial activities. 

The whole range of industry deals with materials, in terms 
of form as related to function of the objects being made, and 
in which colour is frequently a prime consideration. Many 
industries, if they were denuded of all colour, could no lon^ 
exist, amon|[ them the great decorative textile factors. 
Despite this importance, such industries have no simple com¬ 
parative means for measuring colour, and nothing but the 
scientifically crude method of submitting an actual sample is 
capable of securing accuracy in giving commercial information 
rc^rding colour. It is true that the solar and many other 
gaseous spectra have been measured and mapped with extreme 
accuracy, but no industrial relation has been established between 
this phase of chromatic research and the general measurement 
of colour for international use in manufacture. 

It is entirely necessary to possess the knowledge of standards 
of linear and mass measurement, together with a developed 
system of using such standards, before the concept of modem 
industry can be grasped. It is essentially dependent on the 
primary factor of the applied measurement of form, capable of 
being accurately done with a simple instrument, from a loot 
rule to a micrometer, by an ordina^ workman. If exact 
measurement (industrially speaking, of course) could only Ilf 

* Capytiigbi by the Autiior. 
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established in the laboratory^ the construction, for example, 
of modem motors would be impracticable, and impossible on 
any commercial scale. 

If we now reverse the argument, and apply it to colour, we 
shall easily admit that if we could establish a similar degree of 
industrial accuracy in the measurement and nomenclature of 
colour, we should rapidly render possible a vast advance in the 
industrial use of colour. Were formal measurement as empirical 
as colour measurement now is, we should not have advanced 
beyond the middle ages, when exact linear accuracy was a 
matter of hand and eye unaided, except by crude implements. 

The decorative and textile trades, which in both England 
and the United States are among the largest industries of those 
countries, are the only great trades in the world which possess no 
accurate and generally known international standards for the 
complete description of their raw material or their finished 
products. This defect is shared in common with other branches 
of industry which deal in colour, as pigments or coloured goods, 
and marks a very serious deficiency that will at no distant date 
compel attention from the various organised federations of 
manufacturers in all civilised countries. It is but the plain 
fact that both national and world trade is seriously hampered in 
the absence of an international colour standard. Colour 
in its various manifestations, whether intricate, as in design, 
or relatively simple, as paint, or in self-coloured piece goods, 
if one of the prime selling factors in the decorative trades. 
Owing to the singular poverty of language relating to colour 
and the absence of complete scientific approach to the problems 
involved, we cannot yet correctly describe or even indicate 
accurately the simplest colour in writing. Robert Louis 
Stevenson, a master in words, was baulked by the attempt 
to describe a certain shade of red fabric, and gave up the task 
in despair, while other writers, such as Wilde, nave utilised the 
dijSBctuttes of colour nomenclature as a peg for rhapsodical 
paragraphs ; even then these practised writers fall short of such 
accuracy of description as would please a really definite thinker. 

Colour cannot be described in any word language ; it can, 
at best, be indicated by analogy and comparison, in terms which 
aie e8sentiaU3r an appeal to experienca. A fair subject of 
coippariapn with colour is music, whidi cannot be fully'de* 
aertbed in verbal lanmage, yet music has a definite system of 
vtaStile symbols vdiich may easily be written down on paper, 
er even telemphed if urgent, and thus transported from place 
tp place, wmdi can then be correctly interpreted by those 
have troubled to acquire a modicum of tedmical manipuid- 
ii^am 

t ^ Advocate of such a taali as that of inauguratinf a 
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ttMidard for the dassification of colour, great in itself, and yet 
of infinitely greater value when accompliith^, come many 
questions and many objections. Is it desirable and practicable ? 
is it likely to prove more costly to make than it may be worth ? 
is it possible to be easily workable in everyday use ?—these 
are some of the score of questions. There are also many 
objections, some of which are reasonable: “ Manufacturers 
will not be bound by such standards ” ; such a system would 
be arbitrary ” ; "it would cramp design and kill artistic 
originality " ; “it would retard the invention and production 
of new colours " ; " so many colours are required that it would 
be unwieldy and impossible to work." Such are a few of the 
questions and objections that must be met and disposed of 
before such a worldwide system of colour notation, as it is 
how proposed by the present writer, can even be considered. 

Surely if all the multitude of forms existent and possible 
can be measured, then colour can by some means be measured 
with at least e^ual facility and accuracy. We need not here 
consider the various phases of modem scientific detail necessary 
to a thorough study of the physical origin of colour, and the 
way it is developed from the peculiarities of atomic structures 
and their harmonising and contrasting with the beats of the 
luminiferous ether, interesting as these studies undoubtedly 
are. We need no microscope to use a foot rule, nor shall we 
require optical magnification to measure colour for the use of the 
normal vision of ordinary people in the everyday world of 
industry and commerce. 

There exists, not only in Britain but in other countries, 
a vast number of greatly varying local standards of measure¬ 
ment of length, weight, and volume. It is realised by economists 
that this tends to restrict trade, in a similar way as the lack of 
verbal language also tends to hamper trade. If the max^ 
of profit be small, and the difficulties of transaction are lengthy 
and therefore, often, unproductive, as they must be in sucm 
drcumstances, then such trade will tend to diminish. 

Communal agreement, marked by the legal setting up bf 
certain convenient but arbitraiy standarcu, has removed 
national troubles by the imposition of a regular and known 
standard. The local ones in many places remain, but always 
have a definite relation to the national standard, and aT<^ 
capable of translation to it in terms of the national standud. 
llie current system of monetary exchange between vailci^ 
countries is a good example of a standard, in itself obviouny 
flexible, but with intmxational relative scales that aril abio 
capable of variation. 

We need an analogous system with regard to colpuri 
fnd in emstence a lar^ number of 1«l7il^{; and lodd 
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tn whtdi the same name is given to quite different shades ahd 
tints. There are in fact more differences between the range of 
shades and tints known under one generic colour term, such 
as red, than there are known under any one generic term of 
length, such as the mile. With colour, these names and colours 
are associated not so much by localities but by manufacturers, 
who produce coloured materials of some land which need 
definition. In the absence of a national and international 
standard and agreement, they do their best, individually. 
They cause immense confusion, just as it would be caused if 
each maker of machinery had his own standard of linear 
measurement. 

It is not necessary to abolish or to change a single local 
colour-name ; all that we require to know is its relation to the 
central national standard. This is easy to determine as soon 
as such a standard is set up and agreed upon. It is not neces> 
sary to invent any new colour-names, any more than it has been 
found necessary to invent new length-names. Even the metric 
system, the one most artificially set up, is condensed to as few 
verbal terms as possible, all of which terms also have their 
philological relation. 

Let us face the many difficulties that arise, and endeavour 
to define and solve each side of the twin problems of standardisa¬ 
tion and classification. First of all, what is a standard ? 
It is a purely human mental convention, of an entirely arbitrary 
nature, which science has first obtained empirically and later 
fixed scientifically, to provide a S3mibol of rigid fixity by means 
of which all materials with which humanity deals may be 
brought against a fixed standard and measured off accurately. 
All human standards are essentially related to the human 
body, to which the first unit of any standard must be reasonably 
proportionate. The English standard unit of length may be 
considered to be either the inch, the foot, or the yard ; all of 
which lengths may be measured with the unaided normal eye 
in a single act. The divisions into thousandths of an inch, 
which have arisen in recent engineering practice, require 
. mechanical aid for their detection and reading, while the 
multiplications of the unit, such as the mile, also require 
extraneous aid to measure, either in actual repeated measure¬ 
ment of the unit or by surveying calculations. Nevertheless, 
Ixith these extremes of linear measurement are related to the 
ei^entially central human standard. The same is true of 
Jmeasuremaits of volume. While those centrally situated 
standards are admittedly arbitrary, they are incontestably 
; eohvenient. When they were first invented, the lack of toojs 
/-of precision rendered extremely accurate measurement of any 
impossible, although artistic wonders were ceitai;^y 
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p«rfonned, such as the repeated carving of the marble mouldtogii 
.of the Parthenon, which would be highly creditable with moklem 
tobb and workmanship. At thb period tools of measurement 
were not standardbed with any great accuracy, nor were 
they identical over very large areas of country. When modem 
science developed, the demand for very accurate standards of 
reference compelled scientific inventors to take all possible 
precautions to obtain and maintain reliable standards. Thus 
^e “ standard yard " is now kept by the authorities of the 
Crown, in England, and is a bar of bronze with two platinum 
plugs set in it with their centres exactly 36 inches apart, from 
point to point. It is further stipulated that all measurements 
taken from it for the use of manufacturers must be made at the 
temperature of 65 degrees Fahrenheit as the length of a metal rod 
alters with its temperature. Thus a national standard that was 
the growth of centuries was eventually fixed quite arbitrarily ; 
and as a direct result, there were made possible the beautiful 
epgines and other mechanical inventions whose very produc¬ 
tion depends upon the closest precision of measurement. But 
the same results would be just as possible if the yard was made 
half an inch longer, for the actual length is imnuiterial, 
and it b the standard alone that matters. The metre is several 
inches longer, but b equally useful as a standard. It provides 
a fixed ratio, known to and agreed upon by a community for 
comparison of the unknown with the known. It is only because 
thb convention b generally accepted, however, that it is gener¬ 
ally usable. The smaller the number of different measuring 
units there are in use for any specified industrial purpose, the 
more easily can manufacture and commerce be carried on, and 
satisfactory results can be reached more quickly. 

If it took civilised nations so long to reach even national 
standards of length and volume, for the measurement of tangible 
things, how long will it require before we can obtain a stan^rd 
for such an elusive quality as colour? For as colour has 
obviously a far more ephemeral value than form, how b it to be 
measured ? Thb may be answered in two ways ; there s^e 
many things which have relatively permanent colour, and maiQr 
forms that are measured that are in fact far less permanent. 
The thinness of a soap bubble has been measured, and abb the 
speed of a rifle bullet, and the speed of light ham which colours 
arise. Many attempts have already been made, having difinnnt 
systems as their basis, to provide a nucleus of a sories of stnn<^ 
oardbed colours, but have, unfortunateljr, fafied, owing to tkbb 
having been formulated on the wrong principles. 

The painters of the Italian Renaissance used to to 
vepr stnct spedfioatuins about their c<doimi, for their 
he|d them o^ady to their contracts. Bnt their t^loUEs/Ufoss 
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eompcoiitively few in number and the specification wplied to 
pigments and media, and not to the actual hues. The same 
accuracy may be seen in other directions in modem times, but 
does not help to solve the difficulty of colour standards. One 
of the earliest attempts—^if not the first—^was that of the 
French Socidt^ de Chrysanthimisies, who arranged a classified 
series of 365 coloured plates relating to foliage, flowers, and 
fruits. Each of the plates contained four different graduated 
colours, having each separate colour and tint named in four 
languages. Another excellent result was achieved by Dr. Robert 
Ridgeway, the curator of the Natural History Museum 
at Washington, D.C., U.S.A., who published an interesting 
volume dealing with classified colours relating to natunu 
history in general. In meeting the difficulty of obtaining 
accurate results from any printing process, he had the pigments 
washed on by hand in a kind of tempera colour, and added 
instructions that the plates were to be exposed to the light as 
little as possible. This method of producing pigmentary 
colour was followed by the Prang Company of New York, when 
publbhing their books on art education, which are used in 
American schools. These colour charts are confined to a 
comparatively small number of hues, and do not profess to do 
more than teach a working theory of colour for painting. 

In like manner, the colour cards, usually specimens of 
actual textile fabrics, or of decorative pigments, issued by 
various manufacturers, do not purport to offer more than the 
specific range of colours which they can actually offer in goods 
of their own manufacture, even though they are, in fact, remark¬ 
ably extehsive in the variety of colours, tints, and shades 
now produced. It is not, however, on these lines that a scientific 
scale of colour can be formulated, any more than a scale of 
measurement could be obtained by making a large number of 
measuring sticks of all possible lengths which might be required, 
ol: of mamng vessels of all sizes to regulate exactly, each in 
themselves, a million different quantities. Quite apart from 
the fact that printing ink or paint of any kind must inevitably 
fade and change its colour, such a system would be too un- 
widdy, for to daborate these colour plates to number a million 
would in truth become a nightmare, which needs but suggesting 
to prove its unpractical nature. What is really reqnirea 
it an optical " foot-rule,” which can be taken about where it 
k wanted, and applied to any colour, which can then be accur¬ 
ately gauged^ and written down in a symbolic rotation. 

, Fortunately, we have, through the genius of an Englishmao, 
Caudt an instrument actually now available. The *' f^o- 
was invmited by the late J. W. Lovibon^who was a 
to .aid himself in the work of btawing. The 
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of different brews are estimated by the coktun. The instrument 
b quite simplei like many other great ideas. It consists of a 
framework which supports pieces of coloured glass through 
which the eye looks, and beside which the subject to be gauged 
is placed. By means of the combination and permutation of 
several coloui^ glasses put together an exact match is quickly 
obtained; the numbers of the glasses are noted, and any 
future subject of manufacture is tested by the same set m 
coloured glasses. A greater measure of accurat^ in the testing 
of the quality in organic substances is got by this means ^an 
by any other way at present known to the writer. The Tinto¬ 
meter is useful only for objective material, and cannot be used, 
for instance, for gauging the colour of bright light, any more 
than gas can be weighed in gravity scales. By means of 
utilising the art of the modem glassmaker, in glass of differing 
shades and colours, as many as two million tints could be 
obtained in strict gradation. This number should prove more 
than sufficient for all the practical purposes of most industries 
for centuries to come. 

At first glance it seems advisable to make use of the solar 
spectrum as a basis of standardisation, but further examination 
proves the impracticability of relying on this spectrum alone for 
comparison. In the first place, it does not contain all the 
colours normally known, the red-purples being absent. Also, 
its colours vary greatly in intensity, and it is even possible to 
produce some artificial colours whi(^ are more luminous than 
the analogous hues of thb spectrum. Although these defici¬ 
encies preclude the solar spectrum being used as a standard, 
it is none the less valuable, and it is advisable to use as the 
)»sis of classification, for it gives us the key to the Aatural 
scale of colour, upon which we cannot improve. 

It is obvious that such a huge numb^ of possible colours 
and shades demands some ready and accurate means of reference 
which is an essential factor in the commercial use of a colour 
standard scheme. There is little value in a colour standard 
whidi is dumsy and ponderous, which is not clear to avCra^ 
intelligence, or not ^tantly available. The answer to tlm 
donand also lies near to hand, in the Dewey system of dedhial 
dassification. This method allied to the Tintometer {passes, 
based on the natural orddr of colours in the solar spectrum, 
and subdivided above and below the centre or numeral «mit 
of each full colour, according to tint or shade, will amply prpiilde 
for a dasSificadon of even 3/3oo,poo colours, although ten 
thousand or lem will probably be ample for all practical p«u|Kis< u> 
Possibly^ ghuuje at Menddeefs PtnoSeal TaM* of KAs 
wo^d dw be of assistance here. In relatis^ the peopckdiiw cf 
. variiHis odours to an index. 
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An objection is, that regarding the possible diffiod^ of 
‘workii^ and matching to such fine limits. War>time experience 
of work in engineering shops, and the successful emplo3rment 
of female labour for precision gauging and other work of fine 
dimensions, should go far to remove doubts as to the limits of 
working possibilities in colour. In colour-gauging, the manu¬ 
facturer will not lose sight of the physiological fact that women 
are normally better suited for colour work than the average man, 
for defective colour vision is less prevalent in the female eye. 

One objection is always brought by both artistic and 
pseudo-artistic people ; they nssert, immediately they hear of 
an attempt to standardise colour, that it will “ cramp 
orimnality." They see to some extent that it is arbitrary, 
and on that fact hurriedly base their opposition. It is arbitrary, 
it cannot be denied. is language arbitrary ; so also is all 
picture-making conventional and arbitrary, for this is the 
representation of three dimensions in terms of only two 
dimensions. It is these arbitrary limitations, when recognised 
and turned to account, which alone make art possible. 
Modem music, even more than ancient or Eastern music, is 
arbitrary. It is played with regular and arbitrary intervals, 
if the instrument is tuned to the so-called " chromatic scale.” 
It is written down in black and white dots and lines, in a 
symbolism of its own, expressly invented and used for musical 
notation. But he would be a bold composer who dared to 
complain that such primary necessities of scales and notation 
—his system of musical standardisation and classification— 
” cramped his art,” or prevented his musical genius from 
gaining expression I He would be a strange architect who 
Complfuned of the necessity of working with a standard unit 
of measurement for hb buildings. All arts are, in fact, born 
of their restrictions, and the better these are known and realised 
by the user, the better is the production, decorative art being 
no exception. If Science is able to classify and systematically 
arrange the vast realm of colour only the incompetents will be 
heard to complain against these limitations. A sound scientific 
objection may be raised against the attempt to measure aU 
colour industrially, in this manner. The method is not compe¬ 
tent to measure highly luminous colour, brighter than rite 
srioidard of the selected white powder which is now used as 
a basis of comparison. Nor is it possible to estimate with 
accuracy the subtle colours of bright light, although develop^ 
meats have been made in the estimation of glowing* objects f<^ 
the cmpose of temperhig metals. 

\ As ah of these snoom of chromatic measurement depend 
. the eye for final judgment, however, we can utilise any 
hther instrument for the estimatioa of colour degrees above the 
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Une of refaction, to colour originating from a light sounte, or 
from a point of refiection so lui^ous that the ordinary method 
of comparison, by glass fails to provide a hi^ enough standards 
We can probably adopt an efficient form of fmotometer, although 
this instrument is doubtless only in its early stages. But it is 
being used by illuminating engineers, and it provides results of 
a degree of accuracy of about the same order as swift measure^ 
ment with a foot nUe or a tape, over, say, a standard of timber, 
will enable an experienced eye to calculate the entire bulk with 
ease. If we can obtain a standard of comparison for reflected 
colour and for original colour, simple to use in ordinary 
industrial application, and capable of reasonable accuracy, 
then we shall be able to make a very definite advance in the 
general industrial application of systematic colour, by its use 
m relation to all material objects. 

With a S3rstem of colour numeration established, the addi> 
tion of colour-names already known, whether generic names 
embedded in the language or fancy names " recently invented, 
would be technically easy, but perhaps somewhat difficult 
owing to the probabilities of disagreement, in the earliest 
stages, at all events, to decide what exact relation a particular 
name may have to a particular colour. 

There is also the adjustment of colour-names in all the 
different languages of the more important nations to be care¬ 
fully considered, but all these ancUlary problems could quite 
feasibly be settled by a committee of colour experts, philological 
esmerts, and trade experts in friendly conference around a 
table. The international aspect is already solved in an 
analogous question—that of codified languages. The dots and 
dashes of the Morse code, a single series used internationally in 
anreless telegraphy, have already been arranjged by the Marini 
Company into a parallel series, covering nine different words 
or series of words, in as many languages, each of which is exactly 
e<}uivalent to one definitely fixed and unchanging series of 
Morse dots and dashes, so that nine different words all have 
the same telegraphic basis. Quite obviously the same thing 
can be done with the Dewey numeration of colour, when 
cmee established, although many colour numbers wjfll be 
without names, just as many of the smaller and more distant 
stars are nameless and are known merely by number or letter. 
When colour is properly dassified in standard numerations, it 
vnll be possible to order coloured goods by cable and receive 
exactly what is wanted, and not lapse into a mere haphinKard 
guess which may more probably m wRmg than r^ht. iVe 
shall see the disappearance of the vast coafusidn that in>w 
inevitably arises whencmnmerdal colour questioQili aredhtodHini, 
1lM»e are thousands of colours with snlffiona of iiasiiaa vdl^ 
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are far too easily interchangeable I There are even more 
names than things ; there are more aspects of things than there 
are names, and colour is an aspect or a quality of a thing. 

The question then arises : " How will the initial standards 
be arrived at ? ” As colours apparently change under very 
slight differences of light; as various eyes appear to " see 
colour slightly differently ; as a satisfactory set of permanent 
colours is not easy to secure, how are all these formidable 
difficulties to be overcome ? 

It is advisable to state which factors of colour must be 
fixed in arbitrary fashion to allow of a standard of industrial 
measurement, though it may be possible to fix them very 
closely indeed to scientific truth. 

Colour is one of the functions of solar (or other) light- 
energy produced by the resistance of matter, in relation to 
that matter, essentially dual in origin, and strictly relative to 
human vision. It displays three principal qualities, in two 
variables, which produce a third variable. These are : 

(1) Brilliance, or Tone —the quality of light-dark (lumi¬ 
nosity). 

(2) Hue, or Chroma —the essential quality of colour. 

(3) Saturation —the optimum of (i) and (2) combined. 

In. the six principal colours the maximum saturation or 
point of intensity occurs once in each colour (or blend between 
colours) and in each colour at a different point relative to tone. 

Alteration in (i) decreases saturation, by (a) decrease of 
luminosity, or (b) by increase of luminosity ; that is, towards 
dark or light respectively. Alteration in (2) changes the hue 
towards tne next hue on either side, and loses in saturation 
or intensity if luminosity does not also alter to the optimum 
of the hue which is being approached. The characteristic 
saturation point of each spectral hue b analogous to the 
critical temperature of liquid-solid. 

It is necessary to fix the standard six points, together 
ivith the two en^ of the visible spectrum, providing either 
six or eight standard points, in terms of three variables, which 
will then produce a standard no longer variable. 

The interaction of the variable phases of energy which 
{Induce colour in natural light may be observed at different 
t^cs in the sky. One of the most common and frequent 
effects produces the three principal different colours of sunlight, 
aklight, and doudlight, all of which are familiar in England, 
in varying degrees, almost every day. 

Tlie observation of the hues of coloured objects is thus 
nuMe diffic^t both by natural and by artificial light, both of 
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which are susceptible to change, the latter being peribw^ 
more completely under control. The direct sunlight at midday 
ranges from wmte to yellow, down to the orange and red of 
dusk or misty conditions. The refracted light from the atmo* 
sphere at midday has a distinct blue hue, and under the term 
*' north'light ’’ has been more or less accepted as the standard 
for " artificial daylight." Nevertheless, the natural north- 
light varies considerably in time and place, differing on sea 
or on land, in city or country. Diffused sunlight or airlight 
through aqueous vapour at midday produces the whitest 
known light, as cloudlight, but it is more frequently seen as 
a grey tone to a tone approaching black. The combined light 
from these three sources is the " natural light,” most frequent 
in England. In India the third condition is absent for two- 
thirds of the year, and the general light is much more vivid, 
and colours appear more saturated; but, as the intensity of 
all of them increases in proportion, the total result is but mtle 
different. 

Besides the standards of colour, therefore, it is necessary 
to provide standard lighting by which to view selected colours, 
and it may prove necessa^ to utilise artificial light for general 
practice owing to the difficulty of ensuring regular natural 
conditions. 

A small committee of experts, whose own colour vision has 
been extensively tested and found accurate, should examine 
the first standard colours in a specified light, say, at mid-day 
under a cloudless sky, in a north light, possibly even on a 
specified day of the year. These standard colours should be 
obtained in various chemical solutions or solid minerals of 
extreme purity, of permanent colour, and of known quality and 
quantity. From these scientifically accurate chemical or 
other solutions the coloured glasses for the standard colours 
should be selected and adjusted byexperts, and in between these 
the ratio of other shades and tints would be mathematically 
fixed by the decimal numeration. The coloured glass would 
always be made with reference and in chromatic relation to the 
hue of a specified chemical liquid, and not from matching other 
coloured glass, which method would secure a central permanent 
standard known to all, and verifiable at pleasure by any One 
who cared to take the trouble. 

Havit^ traversed the practical difficulties which are actuaUy 
to be met with in the establishment of an International Colour 
Standard Bureau, we may consider other objections of a less 
restrictive character. It does not seem probable thht any 
manufacturer of decorative materials would doubt the advisa¬ 
bility and immense ttse of such a atandaidi if it cot^ l^'set 
up; he might be more inclined to question the cost. But the 
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maintenance chanes of a National Laboratory, employing 
a email number of assistants under expert control, would be 
less than the cost of a single efficient laboratory for the nianu* 
facture of dyes and pigments. It is even within the bounds of 
possibility that the scientific investigation of colour along such 
mathematical and proportional lines might give interesting 
results in the discovery of new molecular combinations for 
producing new dyes. But even if the cost reached ;firo,ooo a 
year, the results would, in five years, be well worth the outlay 
to the decorative trades of the country. 
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CWt showing approximate curves of saturatisn in relation to tone : 
A. Prismatic solar spectrum: B: Difiraction spectrum. 


The above gti^h is an approximate one, relating the curve of saturation to change 
of hue, and also in relation to tone. Curve A is that of the prismatic solar spectrum, 
and C^e B is that of the solar spectrum, as shifted by a diffraction graung. No 
exact measurements are suggested in this graph. It defines colour terminology 
in some aspects: the curves are those of the greatest saturation. " Their vertl^ 
rise and fall is that of tone or luminosity, in relation to hue4es8 black, grey, and white. 
Their pr ogre ssi on laterally is that from hue to hue. It is notable that in this natural 
Spectrum, ^e tone chimgee progre s sively with hue. The ordinary chromatic 
mote api^iee to hue only. It arbitrarily states certain facts, and omits others of 
e^iial importance. The condusioiis drawn from it rmuding so-called ** primary 
omurs ** are not su ppo r ted by other facts. It would be more correct if drawn as 
ftSdTt of a spital, In terms of wave-length. 

Any system of cckmr measurement must be able accurately to define a cokm 
In terms of hue or chroma, and tcme or lumhiosity. Intensity or vividness appears 
in bi limited to a single curve, in eadi spectrum, which suoeetsfully define! ^ 
IpiaMeffton of each hae at the most dtefiiUte point, with greatest degree of tnmlnodty 
: pasilble hi each particular ediour. Above the curve, towards white or light, eacm 
dfiaus M into IMs, with incteaie of hnninoiity, decrease of hue in dtroma, 
4eciuaie of eaturatlon. Below each carve, towards black or darknees^ eMh 
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colour marges into skad$s, with decrease of luminosity, decrease of hue in chroma, 
and decrease of saturation. 

The relatively fixed points, judged by visibility, are at the red and violet extremes, 
wititi the yellow as a variable factor situated proportionately between. These points 
vary slightly with difierent observers, in different circumstances, but they require to 
be determined arbitrarily for the purpose of a system of measurement. Colour 
schemes which are founcied on this curve of saturation are those which have been 
found empirically to give the greatest degree of pleasure to the normal eye. It may, 
therefore, be taken when fully corrected by measurement, as the characteristic curve 
of current visual value in colour. The right-hand portion is that part which most 
afiects the normal silver salts of the photographic plate, and is largely coincident 
with the actinic quality of light-rays. The remainder on the left is of course that 
portion peculiarly associated with heat, as calorific rays of energy. To artists they 
are generally known as ** cold or ** hot and have been observed by them to be 
associated with the phenomena of heat, in fires, etc., or in the phenomena of elec* 
tricity, in light with relatively little heat. 

The graph also suggests the relative degree of illumination necessary to obtain 
equally good visibility when white light is falling on surfaces of the same material 
of difierent colours. Colour blindness implies a departure from the normal curve, 
allowing confusion to occur between two or more points by lack of sufi^cient emphasis 
on saturation or chroma perception. Blindness implies a flattening of the curve, 
usually by raising the base. From the top, it can momentarily occur by excessive 
luminosity, when both form and colour perception are difficult until adaptation has 
taken place. All materials under brilliant light, as in the Eastern sunlight, appear 
to be themselves brilliant, but all maintain relation, and darks are less intense, 
while lights cause optical fatigue. There thus appear to be two distinct qualities 
of perceptive ability in the human eye, yet these are not only in terms of colour, 
but of chroma, saturation, and tone, in difierent modes of excitation of the whole 
optical nervous organism, which at their optimum efficiency produce the perception 
of saturation characteristic of perfect colour vision. 



NOTES 


ProL E. W. KadSridA, F.B.S. 

Those who have followed Prof. E. W. MacBride’s numerous 
articles in Science Progress and in other periodicals will 
have been reminded that this worker in the zoological field is 
probably the most active and stimulating personality in British 
biology to-day. We may not always agree with Prof. Mac- 
Bride, but we must admit that the Professor has no equal as 
a writer of articles which are at once provocative and thought¬ 
ful. 

In all discussions on Neo-Lamarckism, Prof. MacBride has 
taken a leading, and we think a convincing, part. The present 
writer, from the cytological side, has constantly been reminded 
that the opponents of this theory base their statements on 
evidence which can no longer be upheld. The Weismannian 
theory of the germ plasm has been so distinctively criticised 
in recent years by cytologists and embryologists that it can 
no longer be argued that the germ cells are so isolated and 
sterilised as has always been urged by Weismannians. 

It has always seemed to the writer that the opponents of 
the Neo-Lamarckian position overlook the fact that changes 
in the hereditary mechanism of the organism must have taken 
an immense period of time to appear. Thus there is no good 
ground for expecting that a chain of experiments in “ use and 
disuse ” lines even carried over several years would give 
sufficiently clear evidence. The out-of-hand condemnations 
of Lamarckism indulged in by some writers entirely ignore 
this fact. 

Beeent Disooveties in Mammalian Bepzodnotory Physiology 

The recent work of Allan and Doisy and their associates on 
ovarian hormones is of a spectacular nature. These observers 
have isolated from the liquor folliculi of cows and pi^s especially 
a substance which will cause the oestrus changes in spayed rats. 
It should be noted that the presence of some such hormone 
in the ovary, separate from the secretion of the corpus luteum, 
was predict^ by Marshall some years before, and its site 
traced by a series of brilliant experiments to the follicle. 
Viennese workers also have for some years experimented 
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with properly extracted ovarian hormones, and the work of 
Alien and Doisy is not the first of its kind. 

An American chemical firm is now engaged in the manu¬ 
facture of thb ovarian hormone, and the extent of its usefulness 
in g3maecology is yet to be discovered. Probably this hormone 
will be only one of two or three others yet to be isolated from 
the ovary. Marshall, one of the foremost living investigators 
of the oestrus cycle, has predicted that the ovarian hormones 
will be found to be three—follicular, from corpus luteum, and 
possibly from interstitial tissue. 

On purely histological grounds the writer is doubtful if the 
so-called interstitial tissue is a factor of any real importance 
in the ovarian cycle. O'Donoghue denies that interstitial 
tissue exists in the marsupials he has studied, and so far as the 
writer is concerned, an extensive investigation into the question 
of interstitial tissue in the human ovary has convinced him that 
no such regular and distinct tissue exists. In certain of the 
lower placentals it is true that there are chains of peculiar 
" interstitial ” cells, but these appear to be “ disappointed 
follicle cells," and nothing more. 

In all probability it may be found that the corpus luteum 
contains more than one active substance, and if this is so, 
much of the contradictory evidence regarding the physiological 
function of this organ may be explained. 

For years gynaecologists have been in the habit of administer¬ 
ing dry extracts of corpus luteum, by the mouth, and in large 
quantities. This is said to be successful in certain forms of 
sterility. There are several difficulties in the way leading to 
an understanding of this effect, if it b really physiolo^cal and 
not mental. 

She Sooth African Aaooiation te die Advano e men t of Sdonoe (Qodl- 
■hoom Meeting. Inly 6-11) 

This Association held its annual meeting—the twenty-third 
in its histoiy—at Oudtshoom, under the presidency of General 
Smuts. Eighty papers in all were read, and a very successful 
meeting was the result: it seems strange to read of a politician 
and soldier giving a presidential address to a scientific asso¬ 
ciation, especially of the type which was delivered by General 
Smuts, for the address was both learned and original. General 
Smuts discussed both flora and fauna of South Africa, the 
Wegener hjrpothesb, meteorology and climatology, and ended 
up with a plea for C^vemment recognition of research. 

In the Zoological Section, Dr. Duerden, Dr. Annie Porter, 
Dr. Fanthenn and Dr. Warren were prominent, the latter 
bribing forward hb results on spider spermatozenesb. 

the Anatomical and Ethnological Sections were particiilarly 
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interesting, Dr. Ra3nnond Dart contributing several valuable 
papers. 

The South African biologist, anatomist, or ethnologist has 
a field which must ever be the envy of European workers, and 
the Report of the South African Association demonstrates 
that the searchers are worthy of the field. 

We think, however, that more attention might be paid to 
Marine Biology in the Southern Seas. 

The Optical Convention, 1986 

Very notable advances have been made in Optical Science 
and in the Optical Industry in Great Britain since the last 
Optical Convention was held in 1912, especially during and 
since the war, as a result of which it is claimed that this country 
has gone far to regain its old position of leadership. Progress 
in every direction has probably been much more rapid than in 
any previous period. There is ample evidence that the difference 
between the present position of Optics in this country and 
that before the war is not generally realised. No coherent 
presentation of what has been accomplished has yet been 
attempted, and the time seems ripe for a general review. It 
was, therefore, decided by some of the Societies concerned that 
another convention should be arranged in 1926. This Con¬ 
vention will meet at the Imperial College of Science and Tech¬ 
nology, South Kensington, during the week of April 12-17, 
inclusive, under the presidency of the Astronomer Royal, Sir 
Frank Dyson, M.A., LL.D., F.R.S. 

The chief object of the Convention is to discuss British 
contributions to Optics in recent years, and the industrial 
section of the Exhibition will be confined to British manu¬ 
factures. The programme includes an address by the President, 
meetings for the reading and discussion of a large number of 
papers on optical subjects, which have been promised, and a 
series of lectures of a popular character. 

The Exhibition is to be in three sections, including (1) 
exhibits of an experimental or research character, (^) instru¬ 
ments of historic interest, and (3) the commercial section, 
including exhibits by British manufacturing firms in all branches 
of the optical trade. 

A special Entertainments Section is being arranged with 
the co-operation of Captain Give Maskelyne, of St. George's 
Hall, and of the Director and students of the Royal Academy 
of Dramatic Art, in which dramatic performances, incorporating 
various interesting optical illusions, are being specially composed 
for presentation at the Convention. 

in conformity with the previous Conventions, the principal 

44 



SCIENCE PROGRESS 


678 

publications will be : (i) TAt Proceedings. This volume wUl 
|;ive a record of the scientific proceedings of the Convention, 
including the presidential adless and the papers read at the 
meetings, with a report of the discussions. (2) The Catalogue, 
a full, illustrated, and descriptive list of the instruments and 
apparatus shown. 

Inquiries as to the privileges and subscriptions for member¬ 
ship should be addressed to the Secretary, The Optical Con¬ 
vention, 1926, I Lowther Gardens, Exhibition Road, London, 
S.W.7. 

The American Indian 

In the Smithsonian Report for 1923 Dr. Arles Hrdlicka gives 
a critical discussion of the probable origin and antiquity of the 
aboriginal population of America. First, by considering the 
language, culture, mentality, constitution, and physical charac¬ 
teristics of the Indian peoples, he concludes that they may all 
be traced back to some common race, different branches of 
which may have spread to the American Continent at widely 
distributed periods of time. He next considers their antiquity. 
Here the evidence is of two kinds direct—the complete absence 
of any human remains of geologic antiquity in the continent, 
and indirect—^the American Indian closely resembles the rest 
of mankind, and hence probably has the same ultimate origin. 
The conclusion is that the duration of his habitation is to be 
measured in thousands of years rather than tens of thousands. 
As to the origin of the Indian peoples Dr. HrdliCka concludes 
that they came from Asia via the Bering Straits or the 
Aleutian Islands. They have little in common with the negro, 
but the " physical resemblances between some members of the 
Asiatic groups and the average American Indian are such that 
if a member of one or the other were transplanted, and his 
body and hair dressed like those of the tribe in the midst of 
which he was placed, he could not possibly be distinguished 
physically by any means at the command of even a scientific 
observer.” 

For various reasons discussed at length in his paper the 
author considers that the Asiatic invasion of the New World 
did not begin before the European late Palaeolithic or earlier 
Neolithic period. The first subt3rpe to arrive was probably 
dolichocepnalic, and is represented to-day by the Algonquian, 
Iroquois, Siouan and Shosnonean stocks in North America, by 
the Piman Aztec tribes farther south and by many other 
branches along the coast of South America from Venezuela to 
Tierra del Fuego. Next came the Toltec type, marked by 
brachyoephaly, which settled along the north-west coast, in 
the central and eastern mound region, the Antilles, Mexico, and 



NOTES 


679 

over much of Central America and Peru. Then, when the land 
was already well inhabited, came the Athapascan Indians, to 
which type belong the Apache, and lastly the Eskimo. 

The Priokhr Pear in AarttaUa 

One of the most urgent problems facing the Australian Insti* 
tute of Science and Technology when it was first formed was the 
problem of the prickly pear. In a Report published by the 
Institute in 1919 it was stated that the plant had spread over 
twenty-three million acres and that it was spreading at the rate 
of one million acres each year. A scheme for the investigation 
of the insects and fungi known to be inimical to it was drawn 
up and an annual sum totalling £8,000 was granted to the Insti¬ 
tute for five years to enable the plans to be carried out. 

A Bulletin describing the progress which was made during 
the period 1920-24 has just been issued, and it enables us to 
form a very fair idea of the difficulties which the problem has 
presented. In the first place, it has been necessary to be 
absolutely sure that any insect or disease introduced into the 
continent to destroy the pear should not also destroy the rest 
of the vegetation 1 Various insects and fungi had to be studied 
in their habitats in North and South America; means for 
transporting them to Australia had to be devised, and their 
effects, not merely on the pear but on sixty other kinds of 
vegetation (cereals, fodder plants, fruit-trees, and timber), 
have required most careful examination. Furthermore, the 
utmost care has been taken that none of the known enemies 
of the insects themselves should be introduced with them. 

As a result of all this work three strains of the cochineal, 
Dactyhpius tomentosus, and the moth, Melilora junctolineella, 
have been liberated and there is every reason to believe that the 
combined attack of these and other enemies of the pear will, 
in time, liberate Australia from the worst weed-pest that has 
established itself in any country in the world. 

Winter numderstorma 

In December 1924 Mr. S. Morris Bower, F.R.Met. Soc., made 
an appeal through the Press for information regarding thunder¬ 
storms occurring in the British Isles between January i and 
March i, 1925. The reports received by him may be sum¬ 
marised as follows : 
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Analysis of the distribution of these thunderstorms showed 
that in three areas no storms at all occurred during the three 
months, namely, a part of the northern counties in England, 
a large area in Wales, and a belt stretching from East YorKshire 
to South-East Wiltshire. The stormiest regions were those 
near the south coast (specially the southern parts of Surrey 
and Sussex) and in the central portion of the west coast of 
Scotland. Mr. Bower circulated a request for reports again 
this winter, and it will be interesting to see whether the geo¬ 
graphical distribution of stormy and stormless areas remains the 
same. 

To Daide, or Not to Daole 

The winter season has produced the usual controversy in the 
papers devoted to motoring as to whether headlights should 
or should not be switched off when passing another car, and 
the arguments used by the supporters of the two policies prove 
quite conclusively that neither is correct. It is for this reason 
that, in all probability, the definite ruling as to procedure 
which both sides demand will not be granted. Meanwhile, 
in order to minimize the trouble in the United States, the 
Bureau of Standards has issued a chart suitable for exhibition 
in public garages, etc., showing how both the bulbs and brackets 
of headlamps should be adjusted so that the upper limit of the 
projected beam shall not extend above the level of the top of 
the lamp. The need for such instructions in the States is shown 
by the fact that of 400 cars by 58 makers tested by the Bureau 
only 22 had their headlights correctly adjusted and in good 
condition. The Report which accompanies the chart states 
that most of the anti-glare devices which have been put on the 
market are unsatisfactory and that as a rule they merely 
reduce the effectiveness of the reflectors iii lighting the road. 
It is considered that, when properly used, the spotlight is a 
helpful auxiliary to the standard headlight equipment, but this 
device can only be used in this country at a risk of a police 
summons under the terms of the antiquated Motor-car Adt 
of 1904* 

While this matter is perhaps primarily of interest to the 
motor user, it is likely that all those who have occasion to use 
dark count^ roads or unguarded sea fronts have quite definite 
views on the subject, and will appreciate the advantage which 
might accrue from an educative effort in England on the lines 
of that now being carried out in America. 

■otor-tfiM and Beetolnwd Bnblwr 

The United States Bureau of Standards has carried out tests 
to determine whether an economic gain would result from the 
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use of reclaimed rubber in t5rre5, especially when the cost of 
crude rubber is high. Service tests were made on eighty tyres 
each of standard four-ply construction, but built up in four 
sections. These sections consisted of compounds containing 
respectively o per cent,, lo per cent., 18 per cent., and 25 per cent, 
of reclaimed rubber. As a rule, the tyres were run on rural 
delivery mail motors and were kept in service until the weakest 
tread was worn through to the breaker, a process which generally 
required about 7,000 miles’ use. The treads were then removed 
and a definite length from the centre of each section was 
examined for wear. The tests showed that the resistance to 
wear is lowered roughly in proportion to the amount of reclaimed 
rubber used, the treads containing 2 5 per cent, reclaimed rubber 
being about 70 per cent, as good as those containing new rubber 
only. It is concluded therefore that the advisability of sub¬ 
stituting reclaimed rubber for new rubber depends simply on 
the relative cost of the two materials. The recent outcry 
in the States over the price of the raw material has, however, 
shown that its cost to the manufacturer is relatively so small 
a fraction of the cost of the finished article to the user that it 
would seem hardly beneficial to either to use the reclaimed 
product. There are, of course, other rubber products in which 
the resistance to wear is not of first importance and in 
which reclaimed rubber may be used as satisfactorily as new 
rubber. 

The Podtlon ol Religion and Science in Bonia Ib-day 

In Russia, where Bolshevism has held sway now for some 
years, the old religions have been abolished, and we are informed 
that modern science is to take their place. Those of us who on 
weekdays call ourselves “ modern scientists ” will feel gratified 
that on Sundays our status soars to the dizzy heights of a High- 
priesthood. Seriously, however, every student of psychology 
will watch with much interest this remarkable experiment— 
for it is an experiment—which the Bolsheviks are carrying out 
to-day. The religious instinct, if such we may call it, is normally 
present in all but the lowest grades of savages, and it is doubtful 
if forceful suppression of such instincts can for long be success¬ 
ful. Sooner or later people will come together secretly in order 
to carry on religious ceremonies, and brutal treatment of those 
who are detected carrying on such observances will only fan 
a flame, which, however small at first, will ultimately burn 
up those who attempt to extinguish it. Whatever be the 
position of religion in Russia to-^y, it is true that scientific 
institutions are rapidly beginning to recover their former 
importance. The writer has, for the past year, been in receipt 
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of a number of important published papers, on cytological and 
embryological subjects, emanating from Moscow. 

The policy of the rulers of Russia is found to modify itself, 
and to approximate more closely to that found in other Euro* 
pean countries. 

It is a good sign of a return to sanity of the rulers of Russia 
when scientific men are encouraged to work under the best 
conditions. 

The fate of many Russian scientific workers, prominent in 
the old regime, is indeed sad. Both England and America 
have gained considerably by the influx of certain prominent 
Russian scientists. One of these—a veteran histologist, Prof. 
Kulchitzky—recently met his death at University College, 
London, under tragic circumstances, falling down a lift shaft. 
Maximow, the well-known histologist, is now in America, 
while Andrep, one of Pavlov’s associates, is at present working 
at University College, London. 

Probably the happiest thing that could happen, not only for 
these exiles, but for the Russian nation itself, would be for the 
policy of the Bolsheviks to become so modified as to allow the 
exiles to return. 

Public Discussunu on the Ethics of Birth Control 

This subject has been much before the public recently, and 
we have no intention of pursuing the question here and now. 
While believing firmly in the general necessity for such control, 
we do not think that any good purpose can be served by the 
open discussions which the editor of a contemporary has allowed 
in the columns of his well-known paper. 

It should be remembered, and we are remembering this 
fact now, that certain scientific periodicals are taken in at both 
boys' and girls’ schools, and the discussions' in question are not 
the sort of literature one wants children to read. 

We believe that the proper people to teach the subject, 
where necessary, are medical men, and that discussions by 
notoriety-mongers in the public periodicals are to be deprecated 
strongly. 

The Haitow School Register (1845-1985) 

This is the second series of the Harrow School Re^skr, and 
deals with men of our own generation. Harrow and Eton are 
the two most exclusive En^ish Public Schools, and naturally 
one turns the pages of these volumes with interest. Politics 
appear to have been the field most successfully entered by 
Harrovians. There are five Harrow old boys in the present 
Cabinet; and there were two Harrovians in the Labour 
Government which preceded the present Administratioa. 
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Durii^ the eighty years included in the present register, 
nine old Harrovians have become Fellows of the Royal 
Society. 

It would be interesting to have before us the figures of, say, 
the Manchester Grammar School, or the Blue Coat School, or 
of Westminster. Much of the success of Harrow men is 
probably due to the fine start in life which money and influence 
can provide. 

A Ebrdmaa Scbolanhip 

Relatives and friends of the late Sir William A. Herdman, 
who died so tragically in a London street, have founded a 
memorial scholarship at the University of Liverpool. It 
seems right that the funds of the scholarship should be devoted 
to research on marine zoology, in memory of one of the greatest 
exponents of this subject. 

At Liverpool there exists one of the finest Zoological and 
Oceanographical Departments in Europe, and the student who 
wins one of these scholarships will be enabled to carry out the 
study of marine zoology under the best conditions. Applications 
for the Herdman Scholarship should be made to the Registrar 
of the University of Liverpool before the first day of the summer 
term. 

Snidaiid and Ireland 

English scientific men who have visited Ireland since the 
Treaty have been agreeably surprised at the courtesy and 
warmth of the welcome they have received from those at 
present in power in Ireland. 

On request the Irish Customs Authorities have passed all 
lug^ge without examination, and have done everything in 
their power to make the visitors feel that their presence is 
appreciated. This is undoubtedly the spirit with which 
Englishmen will be met in any part of Ireland. 

It is unfortunate therefore that there should exist in the 
minds of any Englishmen a suspicion that things English 
are being deliberately boycotted by any important section of 
Irishmen. This is not so. The present Administration in 
Ireland has not a completely free hand, and there can be no 
doubt that were they not embarrassed by a certain section of 
malcontents, many things which puzzle the Englishman would 
not occur. 

MBteiaiidMain 

The New Year Honours List contains the following names 
well known in scientific circles : K.C.M.G., Prof. M. W. Mac* 
Vice-Chancellor of the University of Sydney. Kmghts : 
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Prof. T. Hudson Beare, Regius Professor of Eugineoting is| |Im» 
Oniversity of Edinburgh; Prof. J. B. Fanner, Professor of 
Botany at the Imperial College of Science, South Kensington} 
Mr. P. J. Hartog, Vice-Chancellor of the University of Da^cca. 

the President and Council of the Royal Society have 
recommended the following candidates for election into the 
Society ; Dr. J. A. Arkwright, bacteriologist; Dr. £. J. Buller, 
Director, Imperial Bureau of Mycology; Lieut.-Col. Christophers, 
Indian Medical Service ; Prof. F. J. Cole, Professor of 2 ^ology, 
University of Reading ; Mr. A. C. G. Egerton, Reader in 
Thennodyi^mics, University of Oxford; Dr. Ezer Grifiiths, 
Senior Assistant, National Physical Laboratory ; Mr. H. B. 
Hartley, Lecturer in Physical Cnemistry, University of Oxford ; 
Dr. H. Hartridge, Lecturer in the Physiology of the Senses, 
Cambridge; Prof. G. B. Jeffrey, Professor of Pure Mathe¬ 
matics, University College, London; Prof. O. T. Jones, Professor 
of Geology, University of Manchester; Prof. W. C. Lewis, 
Professor of Physical Chemistry, University of Liverpool ; 
Prof. E. A, Milne, Professor of Applied Mathematics, University 
of Manchester ; Mr. L. F. Richardson, Honorary Secretary of 
the Royal Meteorological Society ; Mr. H. T. Tizard, Principal 
Assistant Secretary to the Department of Scientific and In¬ 
dustrial Research ; Prof. R. S. Troup, Professor of Forestry, 
University of Oxford. 

The Nobel Prize in Physics for 1924 has been awarded to 
Prof. K. M. G. Siegbahn, of the Univ^ity of Upsala, for his 
work on the me^urements of the wave-lengtte of X-rays. 
The prizes in ph3rsics and chemistry for 1925 have been reserviro. 
The prize in chemistry for 1924 was again reserved, and. in 
consequence, cannot now be awarded at all. The money avail¬ 
able for it has been assigned to the reserve fund of the chemical 
section of the Nobel Institute. 

Sir Rob^ 'Hadfield has received the Cross of an Officer 
of the Legion of Honour from the French Government in 
recomiition of his contributions to the science of metallurgy. 

Tm Gold Medal of the Royal Astronomical Society has bewi 
awarded to Prof. Albert Einstein for his relativity theory of 
gravitation. 

The Coundl of the Institution of Electrical Engineers has 
made its fifth award of the Faraday Medal to Col. R. E. R. 
Crompton, honorary meihber of the Institution. 

The S^oos Gold Medal of the Royal Meteorological Society 
has been awarded to Lieut.-Col. Ernest Gold, Assistant Direct 
of the Meteorolc^cal OfBce ; the Rdntgen Award of the Rtotgtt 
Society to Ih*. Robert Knox; the Rivers Memorial Medal ioir 
anthropcdofpca! research to P^. C. G. Sel%man for hit liqitiE 
in New Guinea, Csylon, and the Sudan. 
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Tile Council o£ the Geological Society has made the following 
awards: Wollaston Medal to Dr. Henry Fairfield Osborn; 
Mtmchison Medal to Professor W. S. Boulton (Birmingham 
University); Lyell Medal to Prof. 0 . T. Jones (Manchester 
University). 

Various scientific societies have elected as their Presidents 
for the current session the following: Royal Meteorological 
Society, Sir Gilbert Walker ; Royal Astronomical Society, Dr. 
T. H. Jeans ; Royal Microscopical Society, Dr. James A. 
Murray ; Physical Society, Prof. O. W. Richardson ; Optical 
Society, Mr. T. Smith. 

We regret to have noted the announcement of the deaths 
of the following well-known workers in the scientific field 
during the past quarter; Dame Louisa Aldrich-Blake, Dean 
of the London ^hool of Medicine for Women ; Prof. W. 
Bateson ; Mr. Alfred Bell, geologist; Dr. J. A. Brinell, of 
hardness test fame ; Dr. R. Caton, physiologist; Prof. M. 
Curry, formerly Professor of Et^ineering at King’s College, 
London; Prof. C. Gogli, histologist, Mr. W. P. Hiem, F.R.S., 
botanist; Rev. G. Henslow, botanist; Dr. R. A. Joyner, 
chemist; Prof. C. C. W. Kilian, geolo^t; Prof. E. Knecht, 
technological chemist; Prof. j. N. Langley, physiologist; 
Mr. J. H. Maiden, F.R.S., lately Director of the Sydney Botanic 
Gardens ; Prof. j. G. M'Kendrick, F.R.S., physiologist; Mr. 
B. N. Peach, F.R.S., geologist; Prof. Alfred Perot, ph}rsicist 
of the Ecole Poly technique, Paris. 

We le^m from Nature that the Labour Government of New 
South Wales has decided to close the long-established State 
Observatory at Sydney. The site of the Observatory has long 
been unsatisfactory owing to the growth of the town, and its 
removal to a distant suburb had been urged on many successive 
Governments. The action of the Labour Party is nevertheless 
both surprising and disconcerting. It is considered possible 
that the Commonwealth authorities will find it desirable to 
take over control of all the observatories in the continent; 
they have already assumed responsibility for the meteoro¬ 
logical services. 

A Bibliography of Bibliographies on Chemistry and Chemi- 
iad Technology, 1900-34, by Garence J. West and D. D. 
Berolseimer, is announced by the National Research Couni^, 
Washington, D.C., as their Bulletin, No. 50 (308 pp., $3.50). 
This work is composed of the following sections: General 
IhUiographies, Abstract Joumab and Year-Books, (jbneral 
indexes of Serials, Bibliographies of Special Subjects, and 
Phonal Bibliogmphies. As the title iiuucates, the work Is a 
cow^alation of mmU^smphies published as si^mrates, or at the 
fjdad b9oks or magazine artictes, or as foot’^iotes to the saaao, 



SCIENCE PROGRESS 

oa the numerous aspects of pure and applied chemistry. 
entry gives name of author or compiler, title, and place 04 ! 
pubucation. The majority of the entries state the numbet 
of references, thus giving an indication of the completeness 
the particular bibliomphy. The entries are classified under 
the proper subject-headings, alphabetically arranged. Tbe 
duplication of individual entries has been largely avoided bv 
the liberal use of cross-references. An approximate analystt 
shows that there are about 2,400 subject headings, 7,500 autnor 
entries, and a total of 10,000 individual bibliographies. Although 
no claim is made for the completeness of the compilation, it 
is believed that the work will furnish a convenient starting- 
point for any bibliographic search. 

The report of the Ramsay Memorial Trustees for the Uni¬ 
versity year 1924-S states that there are now eighteen Fellow¬ 
ships administered by the trust. These Fellowships are tenable 
at any UniversiW in the Kingdom, and the details of the work 
of twenty-two Fellows given in the Report show that very 
complete use is made of the freedom of choice which is permitted 
to them. The distribution is as follows : University College, 
London, 7; University of Cambridge, 4; Davy-Faraday 
Laboratory, 3 ; Universities of Oxford and Manchester, 3; 
of Bristol, ^effield. King’s College, London, and Royal School 
of Mines, 1 each. The work completed and in progress deahf 
chiefly with organic and physical chemistry. The total annual 
value of the Fellowships is about £4,600, of which about £3,too 
is provided by grants from Dominion and Foreign Sources. 

In a note to Nature (Jan. 16, 1926) Prof. J. C. McLennan 

g 'ves the result of a recent survey of the helium resources o^ 
snada carried out by Mr. R. T. Elwoithy for the Doimnion 
Mines Branch. It appears that sources of natural gas con¬ 
taining up to o’l per cent, of helium are fairly widespread, 
but that in exceptional cases a considerably greater pror^rtion 
of helium is present. Thus, in Alberta, a content as high as 
0*34 per cent, was found ; in Norfolk County there are consider- 
aUe supplies of gas containing finm 0*4 to 0*5 per cent., ydiile 
in* Peel County, at "a distance of only thirty-five miles from^ 
Toronto, three wells have been sunk which draw, fro^ an 
horizon 600 feet deep, a natnral gas containing rather more than 
0*8 per cent, of helium. The Ontario Government has secured 
theM weUs for the Crown, and a helium gas extraction station 
is to be erected. Their supply is not very large, but they ate 
expected to yield at least 100,000 cubic feet of nelium per year,, 
whence it is hoped to supply all the helium rimuired fosr mteaidi 
in Canady and possibly for the rest of the Empire, 

The tfu Food ImesH^a^m Bamd m 1934* s«|Adk 

hM just beoi published (H.M. StatLosery Ofilce, AdkitNl 
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litmsei Kingsway, W.C.2, price 35.6 d. net.) contaiils an account 
of the progress which has been made in the investigations of 
(a) the theory of freezing, {b) the preservation of em, meat, 
fruit, and vegetables, (cj the chemistry of oils and fiats, and 
(d) the engineering problems of refrigeration. An introduction 
gives a brief summary of.the results which have been obtained 
expressed in purely scientific language. It would be well if this 
summary also included some indication of any practical or 
commercial benefits which have, or which may be, expected 
to follow. 

The research on freezing shows that, in the freeaing of 
tissues, whether of plant or animal origin,- there are two kinds 
of change which require consideration. First, the displacement 
of the contained water, which may involve a permanent and 
irreversible change in the microscopic structure; and, secondly, 
a consequent permanent destruction of the finer molecular 
structure. Irreversible molecular complexes involving water 
are formed, and this chemical change cannot be reversed in any 
simple way by a subsequent rise of temperature. 

The work on eggs shows that fertility is retained for the 
longest period of time if the temperature is maintained between 
8“ and 10® C. while at temperatures below o® C. the embryos 
die rapidly. The statement concerning preservation by freezing 
is very incomplete, but would appear to indicate that a tem¬ 
perature between —0*65® C. (the freezing-point of the yolk) 
and-6®C. must be maintained. Extensive investigations of 
the various methods of storing apples are still in progress and 
the results so far obtained show definitely that the mode of 
storage must vary with the variety of apple ; but in all cases 
cold storage at i°C. and " gas '* storage at an average tem¬ 
perature of 7® C. were found to give a longer storage life than 
the usual method. Curiously, too, the storage life depends on 
the soil in which the trees are grown. Apples from Kent 
navel had the longest life, from Lincolnshire silt next, and from 
Fen soil least. Finally, as an illustration of the complexity of 
the problem, it may be mentioned that while ordinary storage 
may prove satisfactory in one season, it is less satisfactory In 
another; this probably beiiig related to the fact that the 
di^ructlon of the apple may be brought about by fungi and by 
iMmial changes, the seasonal effect being different in the two 
oases. 

Tk» Pfocetdings of iht Physical Society of London for Febru¬ 
ary 1926 (vol. 36, part ii.) contain a most interesting paper 

Mr. R. S. Burdon, of the University of Adelaide, entitled, 
f%e Spfeadie^ of me Liquid m the Surface of Another» “the 
ming of water and water solutions over mercury forms the 
' part of tlw investigation. The purest conductivity water 
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hi the preaeoce of air is found to spread very slowW on a dean 
mercury surface ; traces of acid in the water cause the spreading 
to be much acceleratedi while traces of alkali inhibit it altogether. 
The presence of neutral salts in solution in the water (even the 
chlorides of silver and mercury) also produce rapid spreading. 
Hie greatest difficulty was experienced in obtaimnp; clean 
mercury ; but it was finally discovered that by distilling in a 
hard glass still in a slow air current, and then shaking thoroughly 
with a mixture of potassium bichromate and sulphuric acra 
mercury with a satisfactory surface could be obtained. Such 
mercury was, however, immediately spoiled by being poured 
into an ordinary glass dish, unless the latter had received 
prolonged treatment with chromic acid, and with boiling distilled 
water. With these precautions it was found that a drop of 
water would spread over a mercury surface after a previous 
drop had spread and evaporated. Working with solutions of 
common salt, it was observed that dust-motes settling on l^e 
liquid film immediately commenced to rotate, sometimes very 
fast, but usually taking 1-2 seconds per rotation. 

When a perfectly clean glass dish was rinsed with water, 
and then held vertically to drain, a well-defined horizontal ridge 
of water was seen to travel upwards across the glass; the ridge 
being thick enough to distort objects viewed through it and to 
focus sunlight snining through. Lycopodium dust blown on 
to the moving ridge served to show that the surface lasrer of 
the water film near the ridge is in considerable movement, 
some of the particles of powder being carried up an indi or 
more by the ridge in its passage. 

We have received a copy of an issue of the Joutnal 0/ ih» 
Seisnee Association, India, a quarterly publication edited at 
the Maharajah’s College, Vizianagaram. It contains a number 
of excellent papers of general interest, and the printing is quite 
up to European standard. With one exception the papers are 
written by Indian authors, and we were pleased to note that 
one at least contained an account of work carried out in a 
laboratory in Europe. It is an excellent idea to encourage 
Indians working outside their own coimtry to give an account 
of their progress in one of their own journals. The exception 
referred to above is a paper by a German student world^ in 
Munich and printed in the German language. The ^^ttor 
knows, without doubt, what will be best appreciated by Ms 
readers ; but to us the printing of such papers seems inadvisable 
except they be of dassical importance. It should be add^ 
that an abstract of the paper, in English, is printed at the 4^. 

The American journal Popular Asifomniy lor Novmhli!^ 
iS^S contains an account of some of the papers read at^ we 
thirty-fourth meeting of the American Astronomy SodcQr. 
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ifwo of these papers dealt with measurements of the sun’s 
(soronal radiation whidi were made dining the eclipse of 
January 34, 1925. Observations by H. T. Stetson and W. W. 
Coblentz indicate a lai^e infra>red radiation from the 
corona, and would lead to the conclusion that its black-body 
temperature is of the order of 3,000® C .—a figure which the 
authors of the paper consider may perhaps be somewhat low. 
They state that ” all the radiometric data now published are 
in agreement in indicating that the corona contains matter in 
a liquid and perhaps solid state. . . .” The other paper by 
£. Pettit and S. B. Nicholson gives an account of some photo- 
maphic observations which indicate that the amount of red 
ught in the coronal spectrum increases from the outer corona 
towards the limb of the sun and this “ is not what one might 
expect from a theory of solid or liquid particles, since in that 
case the temperature would be higher near the sun, which would 
necessitate an excess of blue light.” This number of the 
journal also contains a warm appreciation of the entertainment 
afforded to the delegates who visited Cambridge and London 
for the meeting of the International Astronomical Union held 
last year. 

To any of our readers who may be interested in houses or 
house building we would recommend a little book by Sir John 
Robertson, the Medical Officer of Health for Birmingham, 
entitled, TAf House of Health (Faber and Gwyer, Ltd., London, 
1925. Price 2 s. 6d. net). Although written primarily as a 
guide to the construction of small artisan dwellings of the 
subsidy type, it is full of hints which would be useful to anyone 
building or choosing a house of a more important character. 
Ibe treatment is thorough and complete, beginning with the 
selection of a site and ending with a discussion of internal 
&;tings and decorations. The information supplied is very 
practical, and wherever possible is based upon the results 
dbtatned by the Building Research Committee. 

The January number of the Empire Forestry Journal main¬ 
tains its high standard of interest—even to the layman. An 
biticle on the Forests of Papua and New Guinea describes the 
results of the first forest survey of these little known Australian 
territcnies, while other articles deal with the Forests of Cyprus, 
fbrest Development in Burma, and with Peat and its connection 
Srith afforestation. As usual, the reviews and notes form a 
mmluable and interesting section of the journal. 
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im-xAvoAvms. nasxaMsxvorAYoino wionmM. 

( 7 . 0 . F. Brace. ILSo.. F.LO.) 

When Mend^lejev drew up his Periodic Classification of the 
chemical elements, he assumed the existence of certain elements 
which had not then been discovered. The soundness and 
utility of his scheme were soon proved by the identification 
of three of the missing bodies duriii^ the next decade. 
Scandium, germanium, and gallium possessed the physical 
and chemical properties which 'Mendelejev predicted for his 
eka-boron, eka-silicon, and eka-aluminium. He also predicted 
the discovery of eka-manganese ^atomic number 43) and dvi- 
mai^nese (atomic number 7$); out beyond statii^ that they 
should resemble manganese in their chemical properties, he does 
not appear to have predicted their other properties. 

Since Mendfelejev’s time numerous investigators ‘ have 
endeavoured to detect the two elements missing in the man* 
ranese group. In his book Th$ Chemical Elements (Methuen), 
F. H. Loring devotes a chapter to the then (1923) missing 
elements. He pointed out that their absence or rarity may be 
accounted for oy one or two types of a mathematical series 
based on atomic number differences. If these elements exist, 
Loring concluded that they would be present in minute 
quantities only. 

From theoretical reasoning Noddack and Tacke * argued that 
platinum ores and also certain minerals, e.g. columbite, should 
contain eka- and dvi-manganese to the extent of io“* to 10** 
in platinum ores and 10** to lo*"* in columbite, respectively. 
From these sources they claim to have obtained a *' residue '* 
containing 0*5 per cent, eka- and 5 per cent, dvi-manganese, 
for which they suggest the names Masurium and Rhenium 
^fter two German provinces). Spectroscopic evidence by 
Berg and Tacke * is given in support of this claim. Their work 
has been critidsed by DolejSek and Hegrrovslc]^,* vdio had 

^ Bosanqnet sad Keeley, Phil. Mag., xga4, 48 , 245. 

* Noddack and Tacke, NafurwtssenseAa/^, tgak, 86. 572 (Jutt ad); 
Bnrg and Tacke, iM,, p. 371. Tacke, Zeit. angew. &m., Iw. 27, 

* Ddejiek and Heyiovaky, Natma, lis. 78a (Nov. and 
BvIhHn interMoHoaoi de t’Acaitmie des Sdnane dt Sdmiu, tpas* 
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an impurity (i part in 20,000} in the purest manganese 
•ttlpl^te and potassium permanganate by means of the dropping 
mercury cathode. The objection to the work of Noddack and 
Tacke lies in the fact that their obsowed lines Ly8, -1,204*8 
and •« 1,216, measured to o*i X unit, agree better with the 
Loi «• 1,204*7 and La, ■-1,216*0 of thallium than with those 
calculated for dvi-manganese (L^|- 1204*1 and 1,216*9}. 
It seems probable that the minerals which they used contained 
thallium. Also, two other lines given by Berg and Tacke, 
they admit, coincide with those of tungsten, which was present 
in their final product. 

The Czech workers have obtained a product containii^ 
about I *5 per cent, of dvi-manganese according to their polaro- 
graphic and spectroscopic evidence. The independent dis¬ 
covery of dvi-manganese in manganese compounds had been 
announced previously by Loring and the present writer.* Our 
investigations had been partly prompted by the appearance 
in 1924 of a paper by W. Smith,' in which it was stated that 
pure manganese chloride vras not obtained from pyrolusite 
by the methods described in the textbooks and works of refer¬ 
ence. Smith’s analysis of the pyrolusite he used shows 0*04 
per cent, unaccounted for, and it occurred to us that a close 
similarity in properties had hitherto prevented the separation 
of manganese free from the higher members of the same group. 
In one respect at least, they behave differently. Noddack 
and Tacke nad correctly predicted that the sulphide of dvi- 
nuinganese would not oe precipitated by hydrogen sulphide 
(although they seem to have detected the new element in the 
msdluble sulphides from columbite ; vide their experimental 
woric}. We, therefore, endeavoured to separate dvi-manganese 
from manganese by precipitating the latter in ammoniacal 
sblutioU with hydrogen sulphide. 

From the evaporated and ignited filtrate a residue was 
obtained which contained dvi-manganese. Its behaviour, 
polarographically and spectroscopically, was investigated in 
conjunction with the Ciech workers in the laboratories of the 
dharles University, Prague. It was found to have a dvi- 
tnanganese content similar to their original product isolated 
electrolytically.' 

Various methods have been tried with the view of increasing 
the purity of the product and of removii^ the rest of the 
ni^uiga&ese and trace of iron which were present in the diitde 
dyi-maniganese oxide. None have so far proved entirely satis- 

' Diraos. Ckm. ttews, igtS, 181 . 273 <Oct. 30); Loring sad Druse, ibid., 
StioitiL ibid*» 1024. U 6 « I. 

* Dotejleli;, Dtwm, sbO Heyi»vsk;f, Natmn, . 1926, Il 7 , 1 B 8 (}s&. 30). 
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^bctory and others are still bds^'tried. One of the chk»iidea 
of dvi-man^nese is ve^ readilv volatilised, and this seems ^ 
most promising chemical metnod for effecting the Isoiatiea 
of pure compounds of the element of atomic number 75. 


S. T. OOSBSZDOI AM A VHXUMWPKIOAXi BZO&OattT 

(Toispli Hesdhaat, ILA) 

It is probable that very few biologists are aware that the 
widespread genius of Coleridge extended even to their own 
sphere of being. Most of us are accustomed to think of him 
as the author of the elemental weirdness of The Ancient Manner ; 
a smaller number will be reminded of the illuminate hours 
they spent in the company of hb Bio^aphia Literaria. Fewer 
still will probably be acquainted with his notes on iEschylus 
and Dante ; with his appreciation of Sir Thomas Browne or 
with the rest of his smaller writings, such as that delightful 
one on Fuller. It might almost be true to say that none 
will think of a rare piece of his work. The Theory of Life 
or the “ Idea,” or the ” Ph3rsiology ” of life—^its title was 
never anvthing but amorphous—for indeed, though it created 
some little stir at the time, it has dwelt in total darkness since. 

Curious it is to note a straw which goes whistling down the 
wind of specialisation. Had Coleridge lived a couple of cen¬ 
turies earlier than he did he m^ht have been assured of 
immortality for his speculations in biolog3^ as well as in litera¬ 
ture. But it seems to be a law of the times' procession that 
a reputation becomes a more and more restricted thing. A 
Francis Bacon could speak authoritatively of Fiery Meteors 
and almost in the same breath of Logic; no one could, as k 
were, quite lay a finger on what was his real subject. iUl 
Nature, and therefore all man, was his province; nothing was 
uninteresting to him, all things in heaven and earth vmt 
stamped for all et^nity with the impress of his mind. Not so 

1800; already it has come about that a reputation in litora- 
ture is just that and nothing more; excursions into science 
or the arts on the part of such a one may not pass unregarded, 
but will certainly be allowed no long persistence. Doubtless 
this tendemy will almost wholly be due to the immense growth 
of the boundaries of human wits and knowledges, bring^ it 
about that he who excels in sdence cannot esm^ to do iso 
in the hunmnities. Yet will there not also be a nabit ^ aailMl 
atooad which will reject almost from a priori grounds worlts 
on a subject by inen 'whose reputations have beed wob; bS 
another? The, crowd will more and mme stop tm 
when poets speak to them of science, as does 
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soi, as if in an autocatal^ic reaction, the entire process 
iOfon speedily hastens on to its completion in a universe of 
hcrmetical cells. 

Yet in this case, at any rate, it vdll not be uninstructive to 
resurrect for a moment from the tomb his little essay on Life, 
its nature and its meaning, for in it, among a deal of chanmng 
temporal stuff, there are some good sayings and some char¬ 
acteristic views, even in their unavoided pitfalls presenting 
strange analogies with things that are happening at the 
present day. Coleridge wrote The Theory of Life in all 
probability in the year 1831, but this is only known from 
internal evidence, since it was not published till long after 
his death, in 1848. The editor of it was one Seth Watson, 
M.D., of St. John’s College, in Oxford, and there are passages 
in it obviously not Coleridge’s, which must have been inserted 
probably to round off its naked lack of finish, by James Gill- 
man, Coleridge’s friend and literary executor at Highgate. 
These passages can be distinguished with fair ease, as the style 
is so different; for example, the Introduction begins with a 
great flourish of rusty trumpets as follows : " When we stand 
before the bust of John Hunter, or as we enter the magnificent 
museum furnished by his labours, and pass slowly, with 
meditative observation, through this august temple, which 
the genius of one great man has raised and dedicated to the 
wisdom of the Creator. ...” Overleaf, however, we pass 
by an abrupt transition to Coleridge’s best snappy dialectic 
style : ” I perfectly agree with a later writer that loose and 
indefinite expressions are the bane of all science and have 
been remarkably injurious in the different departments of 
f^jrsiolo^.” It is easy to tell, from considerations such as 
these, what is truly Coleridge’s, and the result is practically 
evemhing. 

The date assigned to the essay rests upon a reference 
which Coleridge makes in the Introduction to the work of the 
celebrated Dr. Abernethy, who died late in 1831, and from 
which the conclusion followajthat it must have been written early 
ip that year. Before we proceed to describe what it was that 
C^lmdge said about Biology, it will be of importance to 
discuss the position of affairs in the philosophy of biology at 
too time it was written. The usage of the phrase ” ^lo- 
sophy of biology ” has been criticBed lately on the ppund 
that philosophy, as Plato said, means seeing things all as one, 
seeing thing^ together^ and that if philosophical speculations 
confine to biolomcal facts, then they ought not to be 
calBed philosophic^ But I shall continue to use the expres- 
fmr it secmni to me that it covers very well dl that rather 
of theoretical biolc^ in whish ipie 
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dikiuss the nature of evolution, the alnlity of physies ftwl 
chemistry to offor full descriptions of amm^ processes $n4 
animal behaviour, the psycho-physical relationship, and the 
origin of life. It seems to me merely doctrinaire to restrict 
the use of the term " philosophy " to metaphysics. I can alwaj^ 
take as my precedents Lamarck's Philosophy of Zoology and 
Cannizaros’ Philosophy of Chemistry. 

In 1831, then, what was happening in biology? Huxley, 
Mendel, Darwin, Pasteur, and Hoope-Seyler were still boys, 
as also were the elder Waller, Bowman, Sharpey, and Schleiden. 
The immense revolution which the cell-theory brought about 
in physiological thought had not yet been inaugurated. 
Theodor Schwann was in the very year in question still engaged 
with his experiments on developing eggs in which he mnally 
disposed of the opinion that they could develop in irrespirable 
gases. Not until six years later did he publbh his Mikro^ 
scopische UrUersuchungen on the cellular nature of living stuff. 
Far away in Esthonia, Karl v. Baer was busy at the Univer¬ 
sity of Dorpat with his immortal embryological researches; 
the first volume of his great work was already out, the second 
was not to come for many years. Purkinje and the Webers 
were in middle life, and one of the most important physio¬ 
logical events of the time was to occur five years later when 
Marshall Hall published the results of his work on rdlex action. 
Indeed, the decade, as a whole, was a time of exceeding import¬ 
ance for biology in general. In morphology it was the dawn 
of emancipation from the Naturphilosophie school, which had 
so long dominated that branch of science with its fixed cut- 
and-dned plans of relationships, its perpetual search for facts 
to fit preconceived and very speculative theories. The star of 
transcendental biology which had been placed in the intellectual 
heavens by Goethe and Kielmeyer was setting, though dowly; 
Oken’s Isis was gradually yelling herself for ever. In bio- 
chembtry profoundly important events were takii^ place. In 
1828 Wdhler effected the synthesis of urea from purdy inorganic 
substances in the laboratory, a research the influence of which 
upon the history of vitalism has been so frequently pointed out, 
Uebig was working at Giessen, and in 1829 had investigated 
the' nature of hippuric acid, the first protective synthesis thia 
being brought to light. Perhaps even more importimt wat 
the pronouncement of the physiologist Majendie, who in i8$fi 
pointed out that living matter was invariably associated 
the present of the chemical classes, fats, carbohydrates^ ana 
proteins, these three being always present together. Theh h% 
the very year that Coleridge wrote down his idm oh the 
nature of lue, the first enzyme was isolated, fmr Leudht in thi!| 
year discovriwi the Ptyalin in the pafiva, 
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KiithofF found a similar foment in seeds. In 1834 
Itmiiamsted Experimental Station was founded—fertile date 
-^nd 1836 was remarkable because of the simultaneous and 
independent discovery of the yeaSt-cell as the active element 
in fermentation by Schwann, KUtzinp;, and Cagniard de 
Latour. Another great man who was alive and active in 1831 
was Thomas Graham, and thence one is reminded that a very 
significant date of this period was 1827, in which year Robert 
Brown discovered the movement of small particles which 
bears his name, thus with the former worker la3nng the founda¬ 
tion-stones of that colloid chemistry which has had so deep 
an influence on all biology. It helps us to gauge the atmo¬ 
sphere of the time when we find that Brown appended to his 

f iaper on the dancing of gamboge grains and coal granules a 
ist of the country gentlemen to whom he had shown the 
experiment, and who could vouch for its truth. It was indeed 
a fi,nal vestige of that healthier time when scientific books 
were written not for any specialised " scientific public,” but 
for anyone in all the realm who cared to read them ; when 
discussions of learned men were carried on in the market¬ 
place, rather than the retired and solitary lecture-room. It 
was an echo ; it was almost the last. Finally, since, as we 
shall see, speculations about the newly discovered force of 
electricity played so large a part in Coleridge’s ideas, it is of 
interest to recall that Michael Faraday was at the time in full 
swing of research at the' Royal Institution, Sir Humphrey 
being then just lately dead, while forty years before Benjamin 
Franklin also had mounted to that place whence in his lifetime 
he had stolen fire. The electric current was in everyone's 
thoughts; what could its nature be, and what its powers ? 

It would seem that Coleridge was quite ignorant of much 
of the sort of work which we have touched upon, and in many 
ways his treatment of the problem of life sounds in our ears 
much as do Bernard Shaw’s discussions of the Life-Force/ 
Considerable thought and great acuity are united to a vague¬ 
ness about the relevant facts available at the time. 

It is likely that Coleridge’s mind had been occupied with 
the problem of the essential nature of living stuff for many 
years before 1831, for there were few problems which did not 
bccupy it at one time or another. He had certainly been 
mueh concerned with that Platonic antithesis between the 
everlasting ^stream of changing thin^, the river of external 
facts encompassing the thinW on every side and the contrast 
tuiliween thu and whatever unchanging absolutes there might 
M. ; so that animal bodies, as among the most changeabk of 
may wdl have focussed hu mind% activity. Lhe 
flux; the undiacgii^ais of the type (if Indeed 
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that was unchanging) may well have fascinated him. If 
was the case, then the match which lit up the train of questios]^ 
in him may very well have been the famous statement of F. X. 
Bichat—" Savant anatomiste, d’ailleurs ”—^that “ La Vie est 
I’ensemble des Fonctions qui r^sistent k la Mort." For he 
begins his essay by a biting criticism of this definition of life 
or any similar definition. " By a comprisal,” he says, " of 
the petitio prineipH with the arguntenium in circttlo —^in plain 
English by an easy logic, which logins by begging the question, 
and then, moving in a circle, comes round to the point where 
it began—each of the two divisions has been made to define 
the other by a mere reassertion of their assumed contrariety.” 
He is clearly very dissatisfied with the definitions which 
scientific men had put forward, and he goes on to criticise 
some others. He will not allow that it is a sufficient definition 
of life to say that respiration, for example, is its essence. All 
animals, he says, that have lungs, breathe, but it would be a 
childish oversight to deduce the converse, namely, that all 
animals that breathe have lungs. Similarly, he argues, every¬ 
thing that breathes is an animal, but why should the converse 
necessarUy be true ? In other words, the flaw at the bottom 
of such definitions he conceives to be the assumption of causa¬ 
tion from mere co-existence—a flaw which, as a matter of 
fact, other philosophers have felt to lie at the basis of any 
discussion of causation. Finally, he decides that the most 
satisfactory type of definition is that which simply states 
that living things differ from dead things in that they resist 
” to a certain extent whatever is incompatible with the laws 
that constitute their particular state for the time being.” 
Coleridge, who had been the friend of many physicians, must 
have been well acquainted with the Vis Msdicatrix Naiuratf 
and that must have entered into his thoughts when he wrote 
that this last type of definition was ” far superior to the two 
former.” He said indeed that it was still very unsatisfactpiy, 
and he might have used a stronger adjective if Le Chatfiier 
had been l^m. 

Next he goes on to discuss the mechanistic view of life, w 
rather the iatromathematical foreshadowing of it. It is 
characteristic of human thought, he says, ” to wish fo look 
at all things from the one point of view which chances to be 
of predominant attraction.” Sir Thomas Browne, who saw 
quincunxes in earth and under the earth, might have 
served for an exquisite illustration, but with rather less 
justice he takes Gilbert of Colchester, who, he says, w&hed 
to explain all terrestrial and celestial phenomemi by the aid 

magnetic influences. In like manner, the iatromathesiiati* 
elihn have,' as we should say, ” run the mechahicat 
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slixutiion to death.” ** Should the reader,” he says, 

' elogace to put his hand on the PrincifAes of Pkihsopl^ by 
14 Forge, an immediate pupil of Descartes, he may see the 
phenomena of sleep solved in a copper-plate engraving with 
aU the figures into which the globules of the blood shaped 
themselves, and the results demonstrated by mathematical 
calculations. In short, from the time of Kepler to that of 
Newton, and from Newton to Hartley, not only all things in 
external Nature, but the subtlest mysteries of life and organisa¬ 
tion, and even of the intellect and moral being, were conjured 
within the magic circle of mathematical formulae.” Coleridge 
is no mechanist; he cannot see that mathematics and chembtry 
can be of any use where living matter b concerned. ” How,” 
he asks, ” could men of sound judgments and strong minds 
have attempted to penetrate by the clue of chemical experi¬ 
ments the secret recesses, the sacred adyta of organic life, 
without being aware that chemistry must needs be at its 
extreme limits when it has approached the threshold of a higher 
power ? ” 

Having thus made clear hb absolute objection to all 
theories of life which claim to reduce it to a mathematical 
basb, Coleridge goes on to the exposition of hb own, and 
begins by guarding himself against various objections. He 
denies that hb own view of life can be called ” occult ” or 
vitalbtic, but all he says against such a chaise b ” that he 
retorts it on those who can satisfy themselves that life is the 
peculiar power by which death is resisted.” This b certainly 
weak, and, as will be seen, hb own view of life b very largely 
” occult.” But the line between ” occult ” and naturalbtic 
explanations was not then very clearly drawn —“ I must abo 
reject fluids and ethers of all kinds, magnetical, electrical, 
and universal, to whatever quintessential thinness they may 
be treble distUled, and as it were sujpersubstantbted.” 

Hb first conception of life b that it b the principle of 
Individuation. ” The -most comprehensive formula to which 
life is reducible, would be that of the internal copula of bodies,” 
he says, “ or (if we may venture to borrow a phrase from 
the Platonic school) the Power which dbdoses itself from 
within as a principle of Unity in the Many. But at the 
same time I will borrow a scholastic term and define life 
absolutely as the principle of Unity in Multeity as far as 
the former b produced ab intra ; but eminently, I define life 
as the principle of Isklividuation, or power that unites a given 
«|l into a whole that b presupposed oy all its parts. The link 
tibat combines the two and acts through both will, of course, 
be defined the Tendency to Individuation. Thus, frcnn lU 
jiitmost latency, in whidi life b one with the elementaiy powem 
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of mechanism^ to its highest manifestation tiiere is an 
series of graduated intermediate classes, and of amJofmts 
gradations in each dass. The very fact that liviiK matter 
possesses physical properties would, to a reflecting 
demonstrate that, in the truth of things, they are homogeneous, 
and that both the classes are but degrees and dignities of one 
and the same tendency." 

In many respects this paragraph is interestii^. In the 
first place, the principle of unity acting in multeity must be 
considered as of doubtful value when applied to distinguish 
life from non*life. For every mountain and hill that Coleridge 
saw when he walked among the Lakes with his friend Words¬ 
worth different from its fellows; no two summits ever 
were the same, although in their formation physical causes 
might be conc^ed to have been supreme. If he meant by 
the principle of unity that regulative force of whidi he spolm 
earlier, so that, as it were, every living organism had a definite 
restricted individual home in time and space, in its external 
and internal environment, and that to this position it would 
alwa3rs try to return, then the Tendency of Individuation is 
but another name for that nostalgia of organisms which Sir 
William B^liss so well criticised on the basis of Le Chattiier. 
Secondly, Coleridge’s mention of grades and ascending steps 
is interesting, for it shows he was acquainted with the specula¬ 
tions of the German school of NaturphUosophie in bic 4 ogy. 
Again, when he speaks of different degrees and dignities d the 
same tendency do we not think at once of the conception of 
Emei^ence, and feel that in a certain sense he has anticipated 
it ? For him, as for Uoyd Moigan, irruptions of creative 
eneigy, of the principle of Unity, if you like, occur at various 
levels in nature, the highest of which are Uie and mihd. 

Later on he expands this theme. He says, " I would take 
as the instance of the first step, the metals, th(»e namely that 
are capable of permanent reduction. . . . Risir^ in the ascent, 
I should take, as illustrative of the second step„ the various 
forms of crystals.... The third step is presented to us in those 
vast formations the tracing of which generically would form 
the science of geology, or its history in the strict sense 
the word, even as their description and dia^ostics constitute 
its preliminaries." From geological formations he pixxmis 
to plants, from plants to insects, from insects to other animals, 
and so to man. The tendency to individuation rises in im> 
tensity throughout the series, which, were it expressed in 
terminology more informed by our wider knowledge, would 
correspond in a strildiig manner with the emergent evi^utkitt 
of the present day., It is evident that fife, for u^kridge, 
not mean anything like what it does in ila usual aceiQxtkpni> 
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Tbim it a latent life, he would maintain, in all the incn^nic, 
hat it is of a low intensity, the inoi^nic world is i^eep, 
adream, but yet not dead. Thu is indeed the philosophy of 
a poet, the Day-view, as Fechner called it. It u a universal 
panpsychism. The biological mechanist may well find such 
a view philosophically valuable, but from a methodological 
point of view it would be absolutely fatal to try to work it in, 
as it were, into the scientific method. That is the point 
which Coleridge never saw. Like the entelechy of Driesch, 
the nostalgia of Haldane, and the hormic urges of Russell, 
the sleepily souls in inorganic matter, the waking souls in 
living organisms, rise and try to attract the attention of the 
experimentalist as he goes about his business in the laboratory. 
That they will never do, for he wears magic spectacles, magic 
optic glasses, so fashioned as to render them altogether in- 
vuible. Wail as they will, he will never hear them; they may 
dance up and down sirenlike, he will never see them. Only 
when he lays aside the scientific method, then they may profit¬ 
ably converse with him ; then only may he be able to consider 
without amusement “ the dignity of the soul that sleeps within 
a mass of incandescent vapour.” 

Having established, then, to his own satisfaction that life 
consists in the fullest operation of unity in multeity, he goes 
on to try to formulate the most general law of its action. 
This he considers to be “ Polarity.” From this point the 
essay steadily declines in value and becomes very reminiscent 
indeed of the immortal quincunx. It is clear that Coleridge 
had been much influenced by the researches that had been 
going on in electricity and magnetism, much more so, in fact, 
than by those which the biologists had been conducting. The 
connection of Coleridge with the Royal Institution is the 
obvious cause of this ; he lectured there on the work of Shake¬ 
speare, Milton, Dante, and other humanistic subjects. 

^ectrochemist^, rather than any other branch of science, 
was the one in which Ckileridge was most at home, and thence 
he drew the idea of polarity which he erected into a general 
law of the most fundamental kind. It is as if Bernard Shaw, 
In writing a work on the Life-Force, were, by some accidental 
ooimection with the Cavendish Laboratory, to seek to show 
that the most general biological law was closely connected 
with the phenomenon of isotopes. 

“ We revert a^in,” he sa;^, ” to potentiated length in the 
I^owar of magnetism, to surface in the power of dectricity, 
abd to the synthesis of both, or potentiated depth, in con- 
jj^tnictivt, that is, diemical affinity. But while these two 
fiectors are as pok» to each other, each factor has likewise its 
iWwn pol^# and thus in the simple cross we have presented to 



JQ 9 'SCIENCE 1 »R 0 GRESS 

us the universal quadruplidty, t>r four demental foma df 
power in the endless proportions and modifications of .whkh 
the innumerable offspring of all-bearing Nature consist. Wisdy 
docile to the suggestions of Nature herself, the ancients signifi¬ 
cantly expressed these forces under the names of Earth, Water, 
Air, and Fire ... and already our more philosophical naturaluts 
(Ritter, for instance) have begun to generalise the four great 
elements of chemical nomenclature, carbon, azote, ox3rgen 
and hydrogen, the two former as the positive and negative 
pole of the magaetic axis, or as the power of fixity and mobility, 
and the two latter as the opposite poles or plus and minus 
states of cosmical electricity, as the powers of contraction 
and dilatation, or comburence and combustibility.” 

Assuredly thb is a great fall from the undoubtedly profound 
discussion which occupied the first part of Coleridge's little 
book. In certain Sentences now we might be listening to 
some Rosicrucian exponent of m3rsteries. Running through 
it aU, as it is so interesting to observe, there is the terminolo^ 
of the electrochemical school of the Royal Institution. The 
Ritter to whom he refers was a German physiolo^t who had 
died in i8io and had worked much on ^vanism, electro- 
chembtiy and physiological electricity. His many papers can 
be found to-day in forgotten journals such as CreU's Annalen. 

Perhaps there is some parallel between electrical experi¬ 
ments at that period and psychological ones at the present 
day. Electricity was on everyone's lips; then and for the 
next twenty years; one may indeed recall the Sapphics of 
O. W. Holmes: 

Drops of deliqusscenoe glistened on his forehead. 

Whitened round his feet the dust of efflorescenoe. 

Till one Monday momii^;, when the flow suspended. 

There was no De Santy. 

Nothing but a dond of elements organic, 

C. O, H, N, Ferrum, Chlor. Flu. Sil. Potassa. 

Cak. Sod. Phosph. Blag. Sulphur, Blang. (?) Alumin. (?) Cnpmm (?) 
Such as man is made of. 

So Coleridge concludes hb dbcussion of polarity as ^ 
deepest law of organic life and passes on to refute the objections 
which a certain Mr. Lawrence had brought against hb views 
in a lecture. Thb was p^ably Sir W. Lawrence, who died 
in 1867, Abemethy’s assbtant, and in 1831 Smrgeon at St^ 
Bartholomew's HospitaL Lawrence had said that -el^^riidiy 
had nothing to do with life, that it illustrated life no imm, 
than fife illustrated it. ” We should be l^eased to lewm,” he 
had said,' ” whethfu* the huniatt body bjMore IBec a 
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jitoae, a voltaic pUe, or an electrical machine; whether the 
mig^ns are to be re^rded as Leyden jars* magnetic needles, or 
batteries.*' Coleridge, who had been wrong in maintaining 
that life was all electricity, has now to combat the even more 
erroneous thesis that living matter has no electrical properties. 
This he does without difficulty, and finally proceeds to survey 
the whole field of life in order to show the universal presence 
of the law of polarity and the tendency to individuation. 

It is here that he is at his worst. Hydrogen as the elemen¬ 
tary power of dilation, the evaporable diamond, simulacra 
vitae of copper ores, corals, conchylia, mollusca, tubipora, all 
are brought together and arranged in a scale the lowest point 
of which is the substance of the philosophers and the highest 
man. It would not be worth while to examine this part of 
the essay in detail; Coleridge, for instance, maintains that 
the insect world is the exponent of irritability, as the vegetable 
is of reproduction; in the best transcendental style. It is 
interesting to recall here that he had travelled widely in 
Germany. At the very end of his essay he recapitulates all 
that he has said, and in the last sentence achieves a certain 
depth. ” Thus," he says, “ Life itself is not a thing—^a self- 
subsistent hypostasis—but an act and a process, which, 
pitiable as the prejudice will appear to the ‘ forts esprits ’ 
IS a great deal more than either my reason would authorise or 
my conscience allow me to assert—concerning the Soul, as the 
prindple both of Reason and Conscience.” It is a good ending 
to an essay on Life, this definite, if obscurely worded, renounce¬ 
ment of that petitio prindpii inherent in all attempts to account 
finally for consciousness on physico-chemical grounds. 

Liking back, then, it is seen that apart from the numerous 
points of interest for the historian of biology which arise out 
of Coleridge's essay, there are one or two matters in which he 
is clearly in touch with modem thought. His anticipation 
of the idea of Emergent evolution, or a crude form of it, and 
his biolo^cal Platonism are examples. But what is clearest 
is that, uke so many of the modern authors on this subject, 
he failed to realise the metrical and quantitative nature of 
scientific method. The tendency to individuation, whether 
or not it has philosophical value, regarded scientifically, can 
only be considered as a doubtful short cut to a knowledge of 
life; it cannot be brought under the dominion of the statistical 
calculation, the pointer-reading, the clock and the scale. There¬ 
fore, whatever efae it may be, it,is no scientific theory of life. 
Gol^dge was a better philosopher than a scientist, and that 
by a long way. 

When he was young, Socrates resorted to Anaxagoras 
.hetoaime he had heard ^t Anaxagoras taught that it was 
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Reason whidi arrai^ed and caused ail things. When be found 
that his explanations were all of secondary and mediankel 
causes, and that he said little about the eternal essence of 
Reason, Socrates grew tired and left him. So might any 
young man tire of ^e laboriousness, the analytical mewod, the 
self-restrictedness of natural science, and yearn for the more 
expansive limitless realms of metaphysical speculation. He 
learnt, indeed, in the end that neither path u a broad and royal 
one, but yet could never much sympathise with the mechan¬ 
istic mind of the Anaxagorides, as we might call them. *' It 
was as if," he says at the last, " someone had undertaken to 
prove that Socrates does everything through Reason, and had 
then gone on to show that it was because my body was con¬ 
structed in a certain way, of certain bones and muscles, that 
Socrates is now sitting here in prison, voluntarily awaiting 
death." Yet Anaxagoras would be right in his way, in pro¬ 
pounding such an exi>Ianation of Socrates’ behaviour; the 
scientific method, he might have said, depends on our agreeing 
to assume that it is that kind of explanation we want. In 
science, we think as ip it were Socrates’ bones and muscles 
so arranged that were wholly responsible. We must impera" 
tively have something which we can measure, which we can 
weigh; all outside that is a " Tale out of Boccace or Malizspini, 
an apparition, or a neat delusion wherein there is no more of 
happiness than the name." Such are the distortions of the 
scientific method ,* but have not other visions their distortions 
too ? Has not poetry its licence, and, even in philosophy itsc^, 
are we sure that when we look at all things together our little 
eyes see true in that excess of light ? 
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sn VBOOBBSS or rBZXXaTOBX. By fit- Being a Review of 
Emun Origina. A Mannal of Prahlatoty, by Gborgb Grant Mac- 
Cdrdy. VoL I, xxxviii + 440 ; Vol. II, xvi + 516.] (New York 
and London: Appleton & Co., 1924. Price 42s. net.) 

The labour that has been expended in the last hundred years 
in excavating prehistoric sites and publishing detailed accounts 
of the material found in them affords a striking testimony of 
the insatiable curiosity of man to know all that can be discovered 
concerning his own origin and history. The extent of the field 
that has already been covered is perhaps largely unappreciated 
in this country except by specialists. In the province of Li&ge, 
which has an area little greater than that of Surrey, over 400 
Neolithic sites alone have been minutely examined, and one 
might walk for days round the Les Eyzies region in the Dordogne 
without ever being more than a few hundred yards from a 
Imown prehistoric settlement. With this wealth of material 
the task of surveying all that is known and summarising the 
evid<mce, as far as possible, in the form of a continuous narrative 
becomes a life’s labour, and its achievement is, at present, the 
great need of prehistoric science. Within the past few years 
many authorities in several countries have published textbooks 
to some extent fulfilling that purpose, and these are indispensable 
to the student and of great interest to the curious lay reader. 
The principal ones known to English readers are those of Mac- 
Atister, Osborn, Sollas, Keith, Burkitt, Boule, Obermaier, and 
Klaatsch, the last three having been recentljr translated into 
Eni^ish. One of the earliest manuals of the land published in 
any language was the Prehistoric Times of Lord Avebury (ist 
edition 1865). While such books are of the utmost importance 
in furthering the progress of the science, it must be admitted 
that they have only an ephemeral value. The young branch 
of human inquiry with which they deal is making such rapid 
strides that, unless extensively revised, the textbooks are 
seriously out of date ten or even five years after they are 
ieritten. Human Origins is a worthy addition to their number. 

C. G. MacCurdy is Professor of Anthropology at Yale^ and 
4 kt Director of the American School of Prehistoric Research 
% £^pe he Ims had unique r^portunities of obtaining that 
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wide first-hand acquaintance with field-work which is so essential 
to the cultural prehistorian. Like some of its predecessors, this 
manual aims at covering the whole range of our acquaintance 
with man and his activities anterior to the historic era. The first 
volume is devoted to Palaeolithic times, and the second to the 
Transitional, Neolithic, and Metal Ages. More space is given 
to the later periods than is usual in such works, and in another 
way it differs from the earlier compendiums. In compiling 
it the writer evidently sought to maintain an attitude of 
strict impartiality. His object was primarily to present the 
known facts and to deal only with those generalisations which 
are already well established, or, on important disputed points, 
to give the reader a fair idea of the diverse opinions that are 
held by the most competent authorities. The consistency 
with which that purpose has been carried out would seem to 
make the book unique. In many cases we are left wondering 
what the writer’s own opinion on some debatable point may 
be. The treatment nevertheless gives a clear presentation of 
the present scope of our knowledge. In outline Human 
Origins follows the order usually adopted. The first chapter, 
giving a sketch of the development of prehistoric chronology, 
is followed by an account of the Ice Ages, and later chapters 
describe the successive Palaeolithic epochs, Palaeolithic art, and 
the remains of fossil man. The second volume gives summaries 
of the later periods, and a list of excavated sites, mentioning 
the cultural strata found in each, and giving select references. 
That catalogue takes up 116 pages, and it claims to be unique 
on account of its completeness. It will certainly prove of 
great value to the student. Other appendices give a “ Reper¬ 
tory of Palaeolithic Art,” a short essay of the steps that have 
been taken to preserve prehistoric monuments in some European 
countries, and a classified list of such monuments in France. 
The indispensable illustrations and index are worthy of the 
work. Maps showing the geographical distribution in Europe 
of all the stations of the several Palaeolithic periods discovered 
up to the time of writing, and the distributions of " Art 
Stations ” are of peculiar interest. The absence of a separate 
account of the fauna of Quaternary times is a serious defect 
in such a manual. The reader is given little idea of the 
importance of animal remains in helping to establish the relative 
chronology of cultural stages. 

For the greater part of the period for which we have any 
knowledge of man’s activities, or even proof of his existence, 
the world was passing through a phase of its history differing 
from any previous one. The solution of the geolomcal problems 
of the Iqe makes possible the building up of ^e framsework 
of prehistoric chronology. The prehistorian is only in!tereete($ 



^ THE PROGRESS OF PREHISTORY 705 

in those questions at present in so far as they concern the 
northern hemisphere and above all Europe. In the second 
chapter of Human Origins a concise account is given both of 
the theories of Penck and Briickner, establishing four periods 
of maximum glaciation for the Alpine area, and of those of 
Geikie. In main outline the two agree reasonably well. Dr. 
MacCurdy apparently accepts that classification, and would 
be willing to apply it in a general way to the greater part of 
Europe. Perhaps the reader might have been told more 
specifically that the views of Penck and Brtickner are not 
accepted by all authorities, and that regions as close as Belgium 
and the south of England on the one hand and France on the 
other were, for at least a long period of Quaternary history, 
less alike climatically than they are to-day, so that the faunas 
for those two regions were, at times, appreciably different. 
The whole question of the synchronisation of valley terraces 
and raised beaches with one another and with the movements 
of the glaciers has yet to be worked out, and there is no uniformly 
accepted correlation of the geological and human cultural 
stages. A short summary is given of the most recent researches 
into the late Pleistocene history of " Fenno-Scandia,” and 
it is evident some of the conditions found there are peculiar 
to that area. Such local differences are of vital importance to 
the prehistorian, and, at present, we know all too little about 
them. 

An impartial account is given of the main evidence adduced 
in support of the theory that some flints found in tertiary 
deposits were humanly fashioned, or rather re-touched. Such 
claims are made for an ever-increasing number of specirnens 
from England, France, and Belgium, and most prehistorians 
are now willing to concede the authenticity of some of them. 
Perhaps there will always be sceptics until worked flints are 
found in a tertiary deposit in indubitable association with 
figments of the skeleton of a precursor of Quaternary man. 
Like many others, MacCurdy finds the most convincing proof 
of the genuineness of Eoliths in the well-known discoveries of 
Reid Moir in East Anglia. 

The successive Palaeolithic epochs are described in the first 
volume of Human Origins, and the method of presentation 
follows that commonly used. The general characteristics of 
the epoch, the environmental conditions, artifacts, and principal 
stations are dealt with in some detail, and for each there is a 
list of known stations and a map showing their distribution. 
Such a method of treatment is liable to give a distorted picture 
unless insistence is laid on the variations found between con¬ 
temporary cultures in different repons. As our knowledge of 
paleeolithic times is increasing, it is becoming more and mor^ 



706 SCIENCE PROGRESS 

evident that the unwitten history, like the ivritten, of one area 
is often essentially different from that of other areas which 
may be geographically quite close. When considered in detail 
the regular sequences found for limited areas are seen to be 
largely localised so that it is unsafe to apply them to other areas 
less perfectly studied. To suggest that the generalisations 
which have been drawn from the records of the most intensively 
worked-up area in the world—the Dordogne region, which 
also appears to have been the capital of civilisation for a period 
of enormous length—can be applied to all Western Europe is 
now seen to be distinctly dangerous. The importance of a 
geo^aphical as well as a stratigraphical treatment in sum¬ 
marising our knowledge of early cultures has been insisted on 
in Obermaier's recently translated El Hombre F 6 sil.^ The 
conclusions drawn there relating to the origins and inter¬ 
relations of cultures are certainly no more than tentative, and, 
as Dr. MacCurdy’s aim was evidently to restrict himself to 
conclusions which have already been well established, such 
hypothesising would have been foreign to his scheme. But 
it would have been entirely consonant with it to insist more 
on the importance of the well-recognised differences found 
between the cultures of such neighbouring regions as Central 
France and Northern Spain. He tells us, for example, that six 
phases, or levels, have been noted in the Magdalenian epoch, 
and outlines the evolution of the javelin point and the harpoon, 
those two bone implements largely determining to which par¬ 
ticular stage a cultural stratum may be assigned. But the 
omission to remark that such a sequence, which has been found, 
from the study of hundreds of specimens, to hold with wonder¬ 
ful consistency throughout the Dordogne region, may not be 
applicable to other localities is likely to give an entirely false 
impression. Obermaier states that the -harpoons of Northern 
Spain form a homogeneous series peculiar to that district, and 
there, too, they play an important part in helping to determine 
the subdivisions of Magdalenian strata. Although numerous 
sites of the same age have been excavated in Belgium, only 
seven hari}oons have as yet been found—^four coming from a 
single station—and it is suggested that they were imported.' 
From a wider point of view, such facts, as the absence of a warm 
Mousterian phase in England and Bel^um and the distinctive¬ 
ness of the Caspian industry in Spain emphasbe clearly the 
importance of the geographical factor. The same point is 

' FossU Man in Sfiain, Yale llnivenity Press, 1924. Translated for 
The Hinianic Society of America by Cbxiatiaa D. Matthew, and revised by 
Henry Fairfield Osbom. 

* See Hamal Nandrin and Servais: La Giotte dn Colfopttoe. JfovMf 
anthrop^Ogifitt, 1929, nos. 4-$. 



THE PROGRESS OF PREHISTORY 


707 

well illustrated by the excellent account of the beginning of 

E ictorial art given in Human Origins. It is shown by the distri- 
ution maps given there that the Altamira, the Pyrennees, and 
the Les Eyzies areas have revealed more Palaeolithic art stations 
than all other parts of Europe, and all the finest examples come 
from those very restricted regions. Examples of later peoples 
living side by side for long periods of time at very different 
levels of culture are not lacking. The greater part of Europe 
was in a semi-barbaric state while the civilisations of the 
Mediterranean flourished and waned. 

The chapter on fossil man gives a full list of the known 
remains and the views respecting them which the most com¬ 
petent authorities have held. It is prefaced by a short account 
of existing and fossil primates. The impartiality of the 
presentation is again its most salient character, and there is no 
discussion of the wider and much disputed questions of the 
genealogical history of man and his relationship to the anthro¬ 
poids. The section dealing with the Piltdown controversy is 
particularly well done. “ In the first phase, the lower jaw, 
though admittedly ape-like in character, was nevertheless 
regarded as having belonged to the same individual as the 
skull. Then came a period when in the minds of many the 
mandible was referred to a genus entirely different from that 
of the skull, namely. Pan vetus, a fossil chimpanzee. In the 
present or third phase it is asserted by the British group that 
unportant and hitherto overlooked features of the lower jaw 
are positively human, and that the teeth are not only human 
but fundamentally unlike those of the great apes.” But there 
are still divergencies of expert opinion on the subject, and the 
reader who knows little of physical anthropology may well 
wonder whether the opinions of even the most eminent authori¬ 
ties on such matters are of much permanent value. That such 
questions should be discussed with keenness is proof enough 
of the virility of the young science, but it is equally evident 
that the chance dbcovery of even a few more fragments of 
early Palaeolithic man will throw more light on the question 
of human origins than the further detailed study of those we 
already possess. Nature has perhaps never shown us more 
unexpected documents than in this chapter of her record. A 
femur of a modern type is found in association with a skull 
cap which takes us half-way back to an ape-like form ; modem 
teeth have their roots in a simian jaw, and an individual with 
a high brow is found to have no chin. The few human remains 
of pre-Mousterian date known to us are sufficient to show that 
the characters of modern man bave not all been developed at 
the same rate. Dr. MacCurdy remarks that if the teeth of the 
Heidelberg jaw had been missing they would no doubt Imve bem 
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reconstructed along very different lines, and the same might 
be said of the Piltdown mandible if it too had not been found. 
He would concede little scientific value to the attempted recon¬ 
structions of incomplete skeletons of fossil man, and there are 
no reproductions in Human Origins of those busts and pictures 
of our Lower Palaeolithic ancestors which adorn some text¬ 
books. 

The lack of apparent continuity in the evolution of man 
from ah ape-like form is nowhere more in evidence than when 
Lower (Mousterian) and Upper Palaeolithic remains are com¬ 
pared. Our knowledge of the apparently homogeneous type 
living in Europe towards the end of the earlier period is how 
based on the skeletal fragments of some thirty to forty individ¬ 
uals, and the majority of the characters of the type are seen 
to be intermediate between those of modern man and the 
existing anthropoid apes. A list is given of such pithecoid 
characters of Neanderthal man, but more emphasis might have 
been laid on the fact that some characters, and, in particular, 
such an imporant one as the prognathism of the jaws, do not 
distinguish Homo neanderthalensis from Homo sapiens. The 
majority of the Upper Palaeolithic skeletal remains known to us 
are universally agreed to be of an entirely modern type, and 
ever since the distinctiveness of the Mousterian race was 
recognised anthropologists have been on the look-out for 
individuals showing a transitional stage between the two. 
But whether any have as yet been discovered is still a moot 
point, and it seems that Dr. MacCurdy was acting with less 
than his usual caution in stating, as he does in an earlier chapter 
(vol. I, p. 158), and in the list of remains of uncertain date, that 
some of the skeletons, or rather skulls, do represent inter¬ 
mediate types. The evidence of undated remains—such as 
those of Brichamps, Marcilly-sur-Eure, Eguisheim, and Tilbury 
—^and skulls lacking the facial bones are not of much value, and 
it is not generally supposed that either the Combe Capelle 
(Aurignacian) or the Chancelade (Magdalenian) skeletons are in 
any way intermediate in type between the Neanderthaloid and 
modern races. The almost complete male Aurignacian skull 
from PrSdmost appears to be the only specimen for which a 
strong case could be made out, and it is only one of a series— 
no Neanderthaloid affinities being generally claimed for the other 
skulls—^and it has itself not yet been fully described. It is quite 
reasonable to suppose that the existence of intermediate types 
has not yet been demonstrated. 

In the second volume of Human Origins MacCurdy writes : 
“ Various attempts have been made to establish a relative 
chronology for Neolithic times. Some seem to hold good for 
the countries in which they were developed, but when an 
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attempt is made to adapt them to other regions, serious diffi¬ 
culties arise." The geographical rather than stratigraphical 
treatment which he adopts is naturally imposed. The lack 
of uniformity which he comments on emphasises again the 
uncertainty of the attempted correlation and synchronisation 
of the Palaeolithic sequences established for dilferent areas as 
for the earlier periods the material is far less ample. In the 300 
pages devoted to the Transitional, Neolithic, and Metal Ages, it 
is hardly possible to give more than a bald summary of the 
principal results arrived at by workers in different countries. 
Though some writers may have attributed too much importance 
to Egyptian influences on European civilisation, there can be 
little doubt that too little notice of the civilisation of the 
Eastern Mediterranean has been taken here. It is not by any 
means clear why an account which, in the words of the wrapper, 
claims to tell " the whole story of prehistoric man ” should 
have been practically confined to Western Europe for the later 
periods. The English reader would have welcomed some 
account of the prehistoric civilisations of America, but none is 
given in this volume. 

One or two points of minor importance may be commented 
on. It is said in the preface that the first appearance of the 
word " prehistoric " in the title of a book was in 1862, when 
Sir Daniel Wilson published the first edition of his Prehistoric 
Man. But the Prehistoric Annals of Scotland by the same 
writer had appeared in 1851. The definitions of " brachy- 
cephalic " and " dolicocephalic ” given in the glossary are 
“ short-headed " and " long-headed," and they are those found 
all too frequently in books of a more popular nature. The 
markedly dolicocephalic Veddahs of Ceylon are " shorter- 
headed " than many European brachycephalic races, and the 
dolicocephalic Neanderthaloid skulls are as “ broad-headed ” 
as any brachycephalic types of modern man. The word 
" cleaver " is used as the equivalent of De Mortillet’s coup de 
poing. In the translation of Obermaier’s El Hombre F6sil 
" hand-axe" is used, and SoUas has invented the word 
" boucher " for the same tool. There is no special mention 
in the text of the attempted determinations of the absolute 
chronology of the Palaeolithic periods, but estimates of age 
are given in years below some of the figured artifacts. An 
Upper Acheuhan “ cleaver," for example, is said to have been 
manufactured 125,000 to 100,000 years ago, and without 
further comment that certainly suggests to the uninitiated 
reader that its age could definitely be placed within those 
wide limits. Perhaps the limits themselves have a possible 
irror of 50,000 years. The presentation of a diagram (as Vol. 
I, Table II, p. 27) showing the succession of cultural stages 

46 
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from Eolithic to Iron Age times with no indication of the 
probable relative duration of each, or mention of the fact that 
different stages occupied vastly different periods of time, is 
likely to be misleading also. The numerous photographs of 
Palaeolithic skulls are reproduced from the original memoirs 
‘describing them, and hence it was not possible to present all 
the facial views with the same orientation. But it would 
have been possible to standardise the profile aspects, though 
it was not attempted. " Gonion ” is defined incorrectly in 
the glossary to be a Craniometric median point on the lower 
jaw below the chin ” : that is probably the gnathion of Martin, 
the gonion being defined by all craniometricians to be a point 
on the angle of the lower jaw. But these are slight blemishes 
in a book which is a valuable and authoritative summary of 
our present acquaintance with man’s prehistoric past. 
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Differential Eqnatioiif. By H. B. Phillips^ Ph.D. Second edition re- 
written. [Pp. vi 4- n6.] (New York: John Wiley & Sons, Inc.; 
London: Chapman Sc Hall, 1924. Price 65. 6 d, net.) 

This is a useful little introduction to elementary types of ordinary differ¬ 
ential equations, written from the practical point of view of the physicist 
or engineer. The object is to combine the formal exercise of solving dif¬ 
ferential equations with the actual setting up of the equation from a 
physical problem, and so the book contains a large and valuable collection of 
examples drawn from a variety of subjects, chemistry, electron theory, 
hydr^ynamics, biology. The most striking omission is of any mention 
of Clairaut's equation; this is not to avoid the thorny topic of singular 
solutions, which are referred to in connection with first order equations of 
higher than the first degree in the differential coefficient. Also, the methods 
suggested for determining a particular integral of a linear equation with 
constant coefficients are rather vague and leave one with the impression 
that there is a lot of guess-work about the matter. There is, naturally, 
very little theory—it is shown in calculus " is a frequent phrase—and 
one doesn't look for it in a book of this type, but the talk on page 28 about 
e»anding the diagram until the distance FF' is a million miles, while 
PQ is only one inch " is surely a little crude, even for an engineer. There 
is a surprisingly full index, with such entries as " growth, of yeast and 
ventilation." 

F. P. W. 


A Fraotioal Treatise on Fourier’s Theorem and Harmonic Analysis tor 
Physicists and Engineers. By Albert Eagle. [Pp. xiv + 178.] 
(London: Longmans, Green & Co., 1925. Price gs. net.) 

The practical chapters of this book are to be recommended as giving a 
succinct account of the methods of analysing any given curve or set of 
obses^tions into its harmonic constituents, if it be harmonic, and of detecting 
any periodic component, if it be not. The author gives the name " artificial 
function " in a given interval to a function defined in each of a finite set of 
sul>intervato into which the whole interval is divided as a finite, continuous 
function with continuous differential coefficients of any order. Such an 
" ar^dal function "/(^r), defined in the range o to air, has, as is well known, 
a Fourier expansion, 4- 20. cos imt 4* 26u sin nx, converging at any 
point In the range to /(x) or 4 - o) 4 -/(x-o)} according as ;r is not 

or is a point of discontinuity. The Fourier coefficients 6b are given by 
the usual integrals or in terms of the discontinuities of f(x) and its differ¬ 
ential coefficients (p. 59). Numerous examples of such expansions are 
worked out in tlie text and others are given as examples. The author then 
proceeds to the practical question of the harmonic analysis of a given 
periodic curve. After somewhat severe strictures upon mechanical Harmonic 
ibiaiysers he describes two methods of procedure, ^e usual one of obtaining 
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a Fourier series with the least number of lowest harmonics whidi will give 
a function agreeing with the curve for a certain Unite set of values of x. 
and another, which he claims as new, in which the given points are joined 
by straight lines or by arcs of parabolas of the Second or third degree and 
the Fourier series of this built-up curve is obtained from its discontinuities. 
The method is valuable when a graph is given if we take ordinates at such 
a distance apart that it is obvious to the eye that the form of the curve 
between two ordinates is very approximately parabolic/* This chapter 
is well worth study and application. A later chapter deals with the search 
for periodicities in observed data not periodic, such as those of the meteoro¬ 
logist, first by the application of Fourier's integral theorem and the plottmg 
of the *' energy " curve, and secondly by the simpler method depending 
on the remark that if we add the values of a function for equidistant 
intervals all harmonics save those for which the interval is a period tend 
to cancel out. This latter method is given in Whittaker and Robinson's 
Calculus of Observations, 

So much for the practical part of the book, which is competent enough. 
But, unfortunately, the author has seen fit to add some theory because 
** most students of physics and engineering do show a considerable interest 
in the proofs of the various mathematical methods and operations taught 
them." Candidly, one's advice to such students is nof to read the chapters 
in question. The author makes the subject so mysterious and difficult. 
He says (p. 176): " for ourselves we can hardly make out how it could have 

. sin / sin 2t 

escaped detection in Fourier's day that the senes ——I- - — + . . • 


when f o, can have any value that 




sm X 


dx can take." Surely there 


is no way of avoiding the conclusion that when < o the value of the series 
is zerOt and it will only confuse the student if he is told otherwise. It is 
a matter of non-uniform convergence, of course, a term which Mr. Eagle 
carefully avoids, if indeed he has beard of it; but, in any event, be might 
have found room in his " brief historical sketch " (Chap. X) for a mention 
of George Gabriel Stokes, whose name is associated with the discovery of 
the phenomena in question. Stokes was essentially an applied mathe¬ 
matician and not one of those whom Mr. Eagle somewhat contemptuously 
describes as inventing curious functions " for the sake of causing trouble " 
(P« < 39 )* elementary theory of Fourier series can be put accurately 
in an easily intelligible way, but Mr. Eagle does not come anywhere near 
doing it. And if it is true that the engineer has no clear ideas about " the 
so-called, and very badly called, ' imaginary quantities,'" the introductory 
chapter of this b^k is about the worst possible way of pxesenting them 
to him. As a matter of typology, too, we must protest against the use of 
the symbol for " varies as " in place of the symbol for " infinity." 

F. P. W. 


TraiM dn Oaleol des ProbabiUtdi at de ses An^lioittraa. Tome 1. Fasc. z: 
Prinoipes et Formnles OlMdaites du Oaleol del ProhablliMs* Tome II. 
Fasc. 3: (Kteaniaot skaUsttaoe dasslooe). Par Emilb Borbz.. [Pp. 
ix -f* z6o ; iii 4-148.} (Paris: Gauthier-Villars et Cie., 1925. 
x8 fr. each part.) 

Oaleol des ProbabiliMs* Par Paul Lfivv. [Pp. viii + 350.] (Paris; 
Gauthier-Villars et Cie., 19*5. Price 40 fr.) 

Laplacr's Thiorie analyiiqm des prohabiliiis was published in z8xa; in 
the well-known Essai philosophique which forms the introduction, the 
author insisted on the importance of the theory in various departments of 
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human activity. To-day this is almost a commonplace. The physicist 
uses the theory to explain the inner properties of matter, the biologist to 
investigate the laws of heredity; the actuary, the statistician, the astronomer, 
the soldier all require some l^owledge of it for their work. In M. Borers 
opinion the time has now come to put together in a treatise the essential 
results of the theory and its applications. He has therefore got together 
a band of collaborators and has planned what will undoubtedly be a tre¬ 
mendous work of great importance. There are to be four volumes, each 
consisting of four or five parts. One volume is to deal with the al^tract 
theory, another with its applications to physics and mathematics, the third 
with applications to biology and actuarial problems, the last with various 
other applications, winding up with a philosophical discussion of the bearing 
of the whole by M. Borcl himself. 

The first part to appear was t. iii, fasc. i, Assurances sur la Vie : Calcul 
des primes, by M. Galbrun, and now two further parts have been published, 
each consisting of a course of lectures by M. Borel, edited by a pupil. Both 
are extremely well written, and may be confidently recommended. 

The first, on the classical formulae of the theory, begins with the a priori 
definition of probability as a number, lying between o and 1, assigned to 
each " event and satisfying two laws of combination, the principle of 
the addition of probabilities and the principle of compound probabilities. 
The three kinds of probabilities, discontinuous, continuous, and denumerable, 
are then explained. Discontinuous probabilities for a large number of 
trials lead to the fundamental law of Gauss, and the results are applied to 
problems of the second order and to the theory of correlation ; continuous 
probabilities lead to some very pretty and difficult mathematics. The 
second section treats the functions of statistics, giving examples of con¬ 
tinuous functions with derivatives everywhere discontinuous. This leads 
on to the problem of moments,*' associated with the names of Stieltjes 
and Tchebychef, by which, given an arbitrary function f(x), increasing in 
a finite, positive interval (a, 6), from a knowledge of the first an moments 
we can construct a function en escalier," of n steps, which gives an 
approximation to the initial function, tending to this as a limit when the 
number of steps increases indefinitely. 

The lectures on statistical mechanics are also well worthy of attention. 
Beginning with the definition of elementary probability, the author goes 
on to kinetic theory and the Maxwell law, the most probable state and ques¬ 
tions of specific heat, mean free path, diffusion and entropy. The classical 
theory is alone discussed; it forms the necessary basis for the modem 
developments of the discontinuous statistics of the quantum theory, which 
are left to a later part. 

Hie main part of M. Levy’s boo]c deals with the law of Gauss as the 
limit to which, in very general circumstances, any law of probability tends. 
The method consists in the use of the idea of “ characteristic function.*’ 
The author published several notes on the method in 1922-3 in the Comptes 
Rendus, and was surprised to learn by a letter from M. G. P 61 ya, whose 
knowledge of all branches of mathematics is astounding, that it had 
already been developed to some extent by Cauchy in 1853. No subsequent 
writer had, however, referred to it, and M. L6vy therefore judged that a 
systematic treatment would not be out of place. He further gives indica¬ 
tions of a more recent method, due to M. Lindeberg, and has chapters on 
exceptional laws, and on applications of the theory to kinetic theory and 
to the theory of errors. It is all very much harder reading than M. ]^rers 
book. He has added a preliminary part, philosophical rather than mathe¬ 
matical, which strikes one as rather vi^e and unsatisfactory, but the main 
part of the book is well worth detailed study. 

F. P. W. 
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OomB de MathfaiaHqiiet Otetadet. Par G. Vbrribst. a* pftrtte: 

Ok>m6trie analytique k trois dimensions. Calcul integral. (|Pp, 

388.] (Paris: Gautbier^Villars St Ci6.» 2925. Price 38 ix,) 

Thb first part of this work has already been noticed in Sciencb Pbogrbss 
(vol. xix« October, 1924, p. 332). The second is of a similar character and 
provides a good, readable intrcduction to solid geometry, the integral cal<* 
cuius, and difierential equations for the natural science student, and in par* 
ticular the physical chemist. The solid geometry is rather slight, the plane 
and the straight line, a little elementary differential geome^ of curves and 
surfaces, and finally a short account of the ellipsoid, as arising in elasticity 
and crystallography. The calculus is fuller ana roughly covers the ground 
of Part I of the Mathematical Tripos, with, in addition, a good deal of 
thermodynamics, a chapter on the potential and appendices on the method 
of least squares, empirical functions, and interpolation. The book is excel¬ 
lent for its purpose. F. P. W, 


Trides and Charts for the use of Engineers and Others* giving Values of X*. 

By A. D. Browne. (9 pages, un-numbered.) (Cambridge: 
W. Heflfer A Sons, Ltd., 1925. Price 1$. 64. net.) 

Thbsb are intended to save time in numerical calculations of s** for values 
of n between o and 2 when an accuracy of about 2 per cent, is sufficient. 
When X lies between x and 10 the values may be read direct from the charts; 
to extend the range to between 0*001 and 10,000 tables of values of lo**, 
xoo** and 1,000** are given on the opposite page, and a single division or 
multiplication on the slide-rule does the rest. Similarly, for values of n 
which exceed 2, a single multiplication on the slide-rule is required. In 
the last line but four of the instructions x is a misprint for n. P. P. W. 


Ktaioriil dee Sdenoes Kiihdmatiquee. Fasc. II. Fonottons Botikm el 
fonottons mdromorphes d’nne variable. Par G. Valiron. Fasc. III. 
UrisB hyperg6om4Wquei de plusienre variaUei. Par P. Appbll. 
[I^. 50, 59.] (Paris: Gauthier-Villars A Cie., 1925. Price 10 £r. 
each.) 

This is a most excellent series of pamphlets, published under the patronage 
of ^e Paris Acadimie des Sciences, the Rome Accadefnia dei Lincei, and some 
ten other scientific societies of Europe. It aims at giving succinctly and 
without detailed proofs an account of the principal results which have been 
obtained, and the lines upon which progress is being made at the present 
time in a number of branches of mathematics, pure and applied. The 
auriiors are to be men who have themselves made contributions to the sub¬ 
ject. Each part is to contain an ample bibliography at the end, to which 
ref^ences are made throughout. If the Mimorial can keep up the stan¬ 
dard set by these two* its usefulness is assured. M. Valiron deals with the 
theory which arose from the attempts to prove, without appealing to the 
elliptic modular function, Picard's theorem that a uniform function takes 
in the neighbourhood of an isolated essential singularity every value save 
two at most. This was done by Borel, for integral functions, by considmring 
the mode of growth of the function M(f), the maximum modulus of ihie 
function for ||r[|» r. He was then led to relations between this function 
and the density of zeros of f(e) x, and it is work on these lines which is 
here described. M. Appell gives an account of the various generalisations 
of hypergeometrie functions to several variables, from the pi^t of view of 
Gau8a-4ue to Appell himself and carried further by P. Humbert an4 d. 
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Kft]n{>t de F^riet—and from the point of view of differential equations— 
work begun by Picard and Goursat. He also deals with Hermite's alge¬ 
braical extensions of the Legendre polynomials, explaining how they may 
be connected with spherical harmonics in h3rper8pace, a work equally initiated 
by Appell. 

The genera] editor, M. H. Villat, has published a formidable list of parts 
in the press or in preparation, many of which ahy mathematician will look 
forward to with the greatest eagerness. 

F. P. W. 

junrxovoMT 

Praotioal Astronomy. A Textbook for Engineering Schools and* a Manual 
of Field Methods. By Prof. G. L. Hosmbr. Third Edition. [Pp. 
xii + 270, with 80 figures.] (New York: John Wiley & Sons; 
London: Chapman and HaU, 1925. Price 135. 6 d, net.) 

Prof. Hosmer's book is now sufficiently well known to need little in the 
way of recommendation, and the fact that it has reached its third edition is 
evidence of the demand which still exists for an elementary practical 
astronomy. For the benefit of those who are not acquainted with the book, 
it may be remarked that the author has written it specially for civil engineers, 
with the intention of producing a book ** intermediate between the textbook 
written for the student of Astronomy or Geodesy and the short chapter 
generally given in textbooks on Surveying/* It is, therefore, confined to 
element^ spherical astronomy (with special attention given to practical 
calculation), together with the use of the simpler field instruments. The 
treatment is mostly the conventional one, and the usual chapters are given on 
the celestial sphere, time, instruments, and corrections, as well as on practical 
observations, in which special stress is laid on azimuth determinations. 
There is also a chapter on the American Ephemeris (including a section on 
interpolation) which may be adapted by English readers to apply almost 
equally well to the Nautical Almanac, while other chapters are given on the 
constellations and on Nautical Astronomy. It is evident in reading the 
book that Prof. Hosmer has first-hand practical knowledge of field astronomy, 
while possessing additional advantages in the power of appreciating beginners’ 
difficulties and expounding his subject with clearness and simplicity. It 
is essentially a practical book, giving numerous tables, practical hints, and 
illustrative examples fully worked out, so that those for whom it is written 
will find it both clear and comprehensive for their purpose, though the article 
on the sextant might perhaps have been rather more exhaustive. For the 
convenience of beginners the articles of a more advanced nature are printed 
in small type, and may be omitted, if desired, on a first reading. In the latest 
edition various alterations are introduced; some, of course, necessitated by 
the change of time, others (such sls the change of notation, together with 
textual alterations and extensions) rendering book more complete and 
up-to-date. Various new tables and an appendix on spherical trigonomet^ 
have been added. The general form of the book has been made handier 
by reducing the size of the pages, printing on thinner paper, and binding in 
limp covers, thus making it a genuine pocket book for the field engineer or 
surveyor. 


Meteors, By Prof. C. P. Olyvibr. xx 4- 276, with 23 plates .1 

^Baltii^re: Williams A Wilkins Co., London: Bailli^, Tindall i 
tox, 1925. Price 30^. net.) 

•Thb study of meteors is a branch of astronomy which has a very great attrac¬ 
tion tor many people, and especially for axnateur astronomers, for two reasons. 
In the first i&ce there is the appeal to the imagination in the spectacular 



716 SCIENCE PROGRESS 

display with which a nidi’s vigil may be rewarded, together with the im» 
certainties surrounding any attempt at quantitative forecasts; and secondly, 
the observational aids necessary to the production of useful observations are 
within the reach of everyone. It is rather surprising, therefore, that the 
literature of the subject has been comparatively scanty, and restricted in 
the main to papers scattered amongst various scientihc periodicals. There 
is a chapter on meteors in most popular astronomies, but until the publication 
of Prof. Olivier's book there has not been—at least for English readers— 
any satisfactory or comprehensive handbook of the subject. Prof. Olivier 
has, therefore, rendered a valuable service to meteoric astronomy in the 
production of his book, which gives a summary of the above-mentioned scat¬ 
tered papers as well as an exhaustive account of the present position both 
factual and theoretical, of this interesting branch of astronomy. It can 
scarcely be termed a popular work, since it is evidently intended only for the 
serious student of meteoric astronomy; but it may be read by anyone of 
average education who is sufficiently interested in the subject (wi& the excep¬ 
tion, perhaps, of a few mathematical chapters which are conveniently 
segregated and may be omitted without loss of continuity). After intro¬ 
ductory chapters on the history of meteors and methods of observing them, 
the author devotes hve chapters to general accounts of the principal meteor 
swarms, including full accounts of the observations made at various returns 
of th^e showers, together with the facts and theories which may be based 
on the observations. A discussion on radiants (including the controversial 
topic of stationary radiants) follows in the next three chapters, after which 
individual meteors are given special attention. The mathematical chapters 
on the computation of real heights, orbits, perturbations, and allied ques^ns, 
include a considerable amount of material translated direct from Schiaparelli's 
SUtnschnuppen, and the publications of Lehman-Filh^s. Controversial 
issues are not shirked by the author, though he is careful to distinguish between 
expressions of his own opinions and theories which receive in addition the 
general support of other observers. English readers may occasionidly be 
irritated by Americanisms, both in style and spelling, and the numb^ of 
accidental errors is rather greater than might bo expected even in a first 
edition. The plates, also, though for the greater part excellent, seem in 
several instances to possess little or no apparent beai^g on the text. These, 
however, are minor faults, some of which, it may be hoped, will be remedied 
in a future edition. The l^k is certainly unique, and while it may begreatly 
appreciated by anyone with general scientific interests, it is scarcely an 
exaggeration to say, in the present state of the literature of the subject, that 
it will be indispensable to ^e student or observer in the realm of meteoric 
astronomy. 

rSTSZCJI 

Plioto*Eleotrioity« Monogriplii on Physios. By H. Stanley Allen, M.A., 
D.Sc. [Pp. xi + 320, with 43 figures.] (London: Longmans, 
Green & Co., 1925. Price iBs. net.) 

A SECOND edition of Professor Allen's book on photo-electzidity has long been 
overdue, for, since the appearance of the first edition in 19x3, a large amount 
of experimental work has been done—although it must be realised that much 
of this work refers to the effects {Mroduced by x-rays and y-rays, and Professor 
Allen confines his attention to electrons liberated by ordinary and ultra¬ 
violet light. In this edition the space devoted to some of the earlier work, 
which is now chiefly of historical importance only, has been reduced, and 
suitable treatment has been accorded to more recent work, such as that of 
Millikan. Very complete references are everywhere given, and the book 
contains a valuable bibliography of work done since 19x3. There are one 
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or two otnissioxis which might be rectified in a future edition; a chapter 
on photo-chemical actions is scarcely complete without some reference to 
the work of Franck and his collaborators on the effects of collisions of the 
second kind, and further, Franck's suggestions on photo-sensitisation are 
worthy of inclusion. The work of Ewies on the connection between fluores¬ 
cence and molecular change might also be mentioned in the chapter on 
fluorescence. However, the field is so large that some work must necessarily 
lose the attention it deserves, and Professor Allen is to be congratulated on 
his success in giving us such an up-to-date book of reference. 

L. F. Bates. 


Elaotrioal Precipitation. Physios in Industry. Volume III. By Sir 

Oliver Lodge, D.Sc., F.R.S. [Pp. 40, with 5 plates.] (London: 

Oxford University Press, 1925. Price 2s. 6i. net.) 

The Institute of Physics has done ve^ useful work in placing before the 
general public the important applications of physics to industry, and we 
therefore welcome the appearance of this book, in which is reproduced, in a 
convenient form, the seventh public lecture delivered under the auspices of 
the Institute. Sir Oliver Lodge always has something interesting to say, 
and his account of electrical precipitation will appeal to all physicists. The 
lecture deals with natural and with artificial precipitation and its practical 
application in the recovery of dust from furnace gases, etc.; detailed informa- 
tion of examples of commercial precipitation are given in an appendix, 
drafted by Lionel Lodge. L. F. B. 


''Modem HagneUoe.** By Felix Auerbach, Professor of Physics in 
the University of Jena. Translated by H. C. Booth, A.R.C.Sc. 
[Pp. vii 4- 396, with 167 diagrams.] (London: Methuen & Co., 
Ltd., 1925. Price 15s. net.) 

The German edition of this book was published in the early part of 1921 
under the title Modems Magnetik, It was, in fact, an abridged edition of a 
much more comprehensive article on magnetism which formed part of Graetz's 
Handbuch der ElehtrisUdt und des MagnsHsmus. Modems Magneiik was 
primarily designed to meet the requirements of teachers and te<^ologists, 
but it was also intended to appeal to the general reader. Now, the English 
translation appeared towards the end of 1925, and it is therefore natural to 
inquire what steps have been taken to render the English edition more com¬ 
pletely up-to-date than its German forerunner. The answer to this inquiry 
is, that as far as we can see, no such steps have been taken. This is decidedly 
a pity, because we have great need of a first-class book on magnetism, and 
we cannot help feeling that a splendid opportunity of satisfymg this need 
has been lost, and lost because of the lack of a little careful revision. 

Prof. Auerbach's work contains much useful matter; there are excellent 
sections on the experimental facts of mi^eto-optics, the Hall effect and allied 
phenomena, electromagnets, magnetic measurements and the earth's 
mametism. Unfortunately, owing to lack of revision, some sections are 
inadequately treated. Thus, the gyr9magnetic effect is very poorly pre¬ 
sented ; for no work subseouent to 19x6 is described, and readers are given 
a completely wrong impreswon of the present state of our knowledge cd this 
branch of the subject. Again, whilst me book gives the impression that the 
Weiss magneton is a universal natural constant and the foundation-stone 
from which magnetic atoms are built up, we find no relmrenoe to the Itebr 
lnl^g[neton, and, incidentally, no reference to Bohr's views on the magnetic 
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properties of the elexoents* We look in vain for a satisfactcny presentation 
of &e quantum theory as applied to magnetic phenomena* and we find no 
mention of the experiments of Gerlach and Stem* althiough these experinients* 
whatever their importance or meaning* have found thw way into EngUdi 
textbooks. 

On page x8 there is an elementary mistake* and in the table of magnetic 
susceptibmties, on page 84. we find that glass is classified solely as a dia« 
magnetic substance* with a mean value of « equal to 0*9 X xo-** a classifica* 
tion which is obviously incorrect when we remember the number of para¬ 
magnetic glasses in everyday use. A bibliography is given at the end of the 
book* but its value would be greatly increased if it were brought up-to-date. 
Surely, the recent measurements of the diamagnetic susceptiHlities of gases 
by Hector and Wills and by Son€ are worthy of note in a bibliography, 
even if lack of space forbids their inclusion in extenso in the book itsehf. 
Further, the omission of an author's index (or of the names of authors from 
the general index) is lamentable. 

The translator has* on the whole* done his work very well, but we wish he 
had not given the book its title; what is wrong with " Modem Magnetism " ? 
Further, why should magnetism in general be treated under &e strange 
heading of " Pan-mag[netism " ? We realise that the literal translation of 
** Indifierenspunkt" is " point of indifierence*" but we would prefer to 
see the customary term "'neutral point" on page 31. The retention of 
German characters is inexcusable and irritating and leads in one case to a 
serious mistake in the equation for the magnetisation of a paramagnetic 
gas. which will cause confusion to the less advanced reader. 

In spite of these faults* however* the book will serve a useful purpose, and 
we confidently look forward to a future edition in which they will be rectified. 

, L. F. Bates. 


Le mouTBrnent sdentifiaae oontemporain en Fnmoe. Les Seienoei Phjiieo* 
ohimiqiiei et MathAmatigues. Par Georges Matisse. D.-^s-Sc. 
[Pp. 319. with 31 figures.] (Paris: Collection Payot, X925. Price 
10 frs.). 

This little book is of a type quite foreign to English writers. It seeks to 
give the general reader an idea of the main contributions which .eminent 
French workers have made to the advancement of science in recent years. 
Since the book deals with the works of some thirty well-known chemists, 
mathematicians and physicists, naturally* the work of any particular scientist 
is only briefly outlined. The book is ther^ore of limited interest to the English 
reader. 

L, !f. Bates. 


■unsc^PtaiDet’t (EUte AnDaga. Dritter Band—Zwstti 

Hiiltte.) Kinetische Theorie der Wfirme* von Kari. F. Herzfsx4>. 
[Pp. X 4- 436* with 52 figures.] (Braunschweig: Vieweg A Sohn. 
Akt. Ges.. 1925. Pxioe 2X marks.) 

It must be confessed quite frankly that we envy the German physicist Us 
possession of a literature of the type of which this book is so excellent an 
example. The English literature of modem physics consists of a Umlted 
number of mono^aphs dealing with ringle su^ects* a very few Rqports 
pnlflished by the l^iysical Sod^ axid the U.S. Buxean of Stodards^ im a 
lew translations of foreign works* the latter being inevitably aomewhat Mt 
of data aven when they first appear. The reviewer ia aware of the mditefioa 
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of only one book by an English writer which gives a satisfactory account 
of a wide branch of Physics in its experiment^, mathematical, and bibiio* 
graphical aspects, such as is provided for us by Prof. Herzfeld's treatment 
of the Kinetic Theory of Heat. His book is one which will be equally 
appreciated by the advanced student reading the subject for the first time, 
and by the research worker desirous of discovmng quickly what has been 
attempted and achieved in any particular part of its field. The author has 
undoubtedly a better acquaintance with the work done in his own country 
than that carried out in England; but this really adds to the value of the 
book to the English reader, for it gives him in convenient form a thorough 
and comprehensive account of recent work in Germany. 

The first chapter contains a good account of the kinetic theory of gases. 
In addition to usual mathematical theory there is a description of the 
experiments which have been devised to test Maxwell's law of the distribu¬ 
tion of velocities, and a treatment of the viscosity and thermal conductivity 
of gases which is quite remarkable for the range of material it includes. 
There are also short sections dealing with the Knudsen absolute manometer, 
the difiusion pump, and the Gaede molecular pump. The second chapter is 
devoted to general statistical mechanics and, since the author has avoided 
the use of very advanced mathematics, some of the more recent researches 
of Planck, C. G. Darwin, and R. H. Fowler hardly receive as extensive a 
treatment as their importance warrants. This omission is remedied to 
some extent in the penultimate chapter, which deals (in small print) with 
the elaboration of the statistical method. 

The next four chapters deal with gases, solids, liquids, and solutions in 
the order given. In his discussion of gases the author considers the various 
factors which produce departures from the characteristic equation of the 
perfect gas, but does not deem it worth while to deal with the numerous 
semi-empirical equations which have been proposed to represent the behaviour 
of real fluids. The chapter on gases also contains interesting sections on the 
forces between molecules, specific heats, dissociation, and reaction velocity; 
but the absence of references to Engli:^ publications is, in this section of 
the book, rather remarkable. 

The treatment of solids includes sections on the properties and structure 
of cryslals, free energy (of solid bodies), vapour j^essure equilibrium, 
fusion, sublimation, and the equation of state. There is a particularly 
interesting article on the nature of the forces in ionised crystals, but no 
reference to the recent work of Lennard-Jones on that subject. The 
chapter on fluids contains a long account, of fluid crystals, while that on the 
fhe^ of solution embraces a wide range of material, including surface 
phenomena, adsorption, the kinetic theory of osmotic pressure, and the 
theory of strong electrolytes. 

Chapter VII deals wi^ the theory of fluctuations and contains a particu¬ 
larly full account of the Brownian movement. The next chapter contains 
an account of the postulates of the quantum theory with its applications to 
the kinetic theo^ of matter, and finishes with a discussion of the Nemst 
heat theorem. Finally there is a description of the experimental deter¬ 
mination of the Lfiachmidt number, with sections on the numerical values 
of atomic diameters and on the histcuy of the development of the atomic 
theory, 

Tturoughout the book Prof. Herzfeld has taken care to show clearly the 
physical meaning of the mathematical assumptions and processes emj^yed 
in the devebpment of the theory, a procedure which adds much to its vidue 
to the student, while as a work of reference it must be regarded as indie- 
pensable to those whose work brings them into contact with the subjects 
with which it dealt, 


L. F. Baiss. 
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VheCnieiliiibTOlI^^ By Norman Evbrs, B.Sc., F.I.C: [Pp. vui + *47.! 

(London: Ernest Bonn. Ltd., X926. Price 325. 6i. net.) 

It is burning increasingly difficult for the general chemical reader to keep 
abreast with the subject of the chemistry of drugs, and a book such as the one 
under review should be welcomed as it claims to deal with all naturaUy occur* 
ring drugs whose active principles are known and all synthetic drugs of prac« 
tical importance. In writing such a compilation the author is naturally faoed 
with the difficulty of determining how to deal most economically with the 
limited space at his disposal and what to omit; as a result, the subject of 
essential oils used in medicine has been treated only cursorily as it is dealt 
with fully in another book of this series. Again, in describing methods of 
manufacture, the author has treated chiefly of the chemistry of the methods 
employed rather than of the technical details, and analytical methods have 
been entirely excluded as being too large a subject and calling for separate 
treatment. 

The book is divided into two parts, of which the first deals with 83mthetic 
drugs; these are classified into groups such as Hypnotics, Antipyretics, Local 
and General Anaesthetics, Antiseptics, compounds of arsenic and antimony, 
compounds of mercury, and miscellaneous synthetic drugs. The second 
port (dealing with drugs of natural origin) is subdivided into two sections 
devoted to alkaloidal drugs and those not containing alkaloids. This section 
forms by far the greater part of the book, and contains much of the less 
accessible information, and is for this reason the more valuable. The book 
also contains two appendices, the first of which contains a brief account of 
the difficult subject of the relation between chemical constitution and 
physiological action, while the second consists of a number of quite 
useful tables of trade names, botanical sources, etc. It will be seen 
from the above summary that the author has collected under one cover a 
very valuable amount of information which should be of great assistance 
to those wishing to ascertain the essential facts concerning any particular 
drug without prolonged search through a number of different l^ks. 

P. H. 

Pbotoiiiithesis. The Aittmflation of Carbon by Oreon Planta By Waltbr 

Stiles, Sc.D. (Cambridge). [Pp. vii + 268, with diagrams.] 

(London: I^ngmans, Green & Co., 1925. Price x6s, net.) 

It has long been known that in the in'esence of light and chlorophyll the 
plant is able to build up its carbohydrate from atmospheric carbon dioxide 
and water, but all attempts to produce carbohydrate outside the plant, 
by the action of chlorophyll on carbon dioxide and water, have nriled, 
altibough other methods of producing carbohydrate from these two sub¬ 
stances have been devised. There is, then, in the living plant cell some 
other factor at work which plays an essential, but as yet entirely unknown 
part, in tlie photo83mthetic process. As the author rightly states, the manu¬ 
facture of carbohydrates in the green leaf nuty be regarded as the central 
fact of life on this planet, and it is the eneigy stored up in plants by photo- 
83mthe8i8 in bygone ages which has nmdered i^ssible the industrial develop 
ments of the last century. The supply of coal is, however, not inexhaustible, 
and the utilisation of the radiant energy of the sun is clearly indicated as 
the means of obtaining further energy ior the development of our present 
civilisation. The scientific study of mb photosynthetic procees may there¬ 
fore be of directly practical importance if by a better understanding of the 
process it became possible to influence the photosynthetic activity of j^kmts. 
For this reason the veflume under revtow is to be welcomed, it gives 
a weH-balanoed and critical summaiy of our p r e se n t knowledge of the 
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subject presented in a manner calculated to arouse interest and to stimu* 
late farther research in this fundamental problem. Those interested in 
the subject will be grateful to the author for the summary he has prepared 
for them and for the 870 odd references which he has quoted. The book is 
divided into twelve chapters, and deals in a most complete and systematic 
manner with all the various aspects of the question. The mode of entry 
of the carbon dioxide into the plant by gaseous diffusion. the influence of 
external and internal conditions on photosynthesis, the utilisation of energy 
in photos3mthesis, the mechanism of the relation of photosynthesis to other 
plant activities, all receive attention, in addition to the chemistry of the 
assimilatoiy pigments and the methods of measuring photos3mthesis. The 
book is written throughout in a very clear and lucid style, and is one which 
will be widely read by students and teachers alike and by all interested in 
problems of plant physiology. P. H. 


Volatile Solvents and Thinners need in the Paint and Varnish Industries 
(Oil and Odour Chemistry Monographs). By Noel Heaton, B.Sc. 
[Pp. viii + 158.] (London: Ernest ^nn, Price 15s.) 

The second of these monographs has been written, according to the preface, 
with a view to presenting, for reference and comparison, detailed information 
as to the nature, preparation, and properties of every solvent of industrial 
importance in the paint and allied industries. 

The number and,variety of solvents in industrial use are rapidly increasing, 
and it is a pleasing feature of this book that the author has not conflned 
his attention to those solvents already well known, but has also discussed 
those which may be of industrial importance in years to come. The pro¬ 
perties and uses of each solvent are very fully discussed and standard 8|^i- 
fications are given for all the important solvents considered. 

A great deal of confusion exists with regard to the names of certain of 
the petroleum hydrocarbons such as benzine, white spirit, etc., and there 
is much to commend the author's plea for the abolition of the term *' ben¬ 
zine in favour of petroleum spirit" qualified by a statement of the 
boiling ramge. 

Very few errors have been noticed, but one sentence on p. 87 requires 
revision, and ** tinned " on p. 129, line 25, should obviously read tin." 
The literature references are very full and amply suffice for the purpose the 
author has in view. A very useful appendix gives a summary of principal 
solvents and their chief properties. It seems a pity not to have included 
a name index in a work of reference of this kind, especially as names are 
not included in the index given. 

The author has treated &e subject in an able manner, giving us a clear, 
readable account, and the book should be of great value to alliconnected with 
the Paint and Vaniish industries, to whom the work is principally directed, 

T. L. Garner. 

The Ohimistry of Drying Oils (Oil and Oobmr Ohemtatry Honogra^bi)* By 

R. S. Morrell, M.A., Pb.D., F.I.C., and H. R. Wood. [Pp. ix -f 
224.] (London: Ernest Benn, 1925. Price 2x5.) 

This volume forms a very welcome addition to the library of the oil and 
colour chemist. 

Alter a brief but interesting historical introduction, the authors follow 
with a chapter on the component adds of drying oils. It is pleasing to note 
in this chapter that dne imfi^rtanoe is given to the work of MfiUer and 
Shearer, elaidk and oleic acids being id^en the trans- and ds-formubs 
shqiectlvely* Most authors deaHng ymii the fatty adds completely ignofe 
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tbit work. The chapter on the composition of drying oils it paiticttlarly 
good/ the literature references being very full indeod; in fact, the latter 
mnn a fine feature throughout the book. An account it given of ihio ex* 
pression, extraction, and refining of linseed oil, as the typical dry^g oil, 
and this is followed by a description of the preparation of boiled oils, etc,, 
and ihtir uses in industrial processes. The work also includes a chapter 
on the analysis o| drying oils and one of particular interest on ** the pro* 
perties of drying oils from a colloidal standpoint.*' 

The indexing is very good, both subject and name indexes being provided* 

It is difficult to criticise so excellent a book, but the chapter on boiled 
oils was rather disappointing, being somewhat too briefly treated. No 
mention is made of the work of Wilbuschewitsch, Genthe, and others on the 
production of boiled oils. It is, however, obviously difficult to treat the 
mass of information existing on the subject so as to obtain it in a compact 
enough form for such a monograph. 

The book as a whole is excellent, and should undoubtedly have a wide 
appeah not only to research workers in this field and to those engaged in the 
oil and colour industries, but also to those engaged in the kindred industries* 

T. L. Garnxr. 

Brttiib Chemicals, ttieir Hanufactaren and Uses* [Pp. 262.] (London: 
Ernest Benn, Limited, for the Association of British Chemic^ Manu¬ 
facturers. l^ice 105. 6d. net.) 

Ths Directory of the Association of British Chemical Manufacturers appears 
in this new form. It contains, besides a short introduction, a list of the 
Council, Officers, and Members of the Association, together with a classified 
list of British-made chemicals and also a select list of those supplied under 
trade or proprieta^ names. 

The major list is made available for reference by the provision of indexes 
in French, Spanish, Italian, Portuguese, and German; in addition, a note 
as to the industrial use of each substance is appended. The whole forms 
a well-compiled and comprehensive reference Imk which should prove of 
great value to buyers in ^1 parts of the world. 

From the scientific standpoint it seems a matter for regret that com¬ 
mercial chemical nomenclature does not, even at its best, conform in many 
cases with that officially adopted by the Chemical Society; discrepancies 
of this nature should be minimised by giving the oonect name as an alter¬ 
native in every case. 

The concluding part of the volume is occupied by " special announce¬ 
ments of the pn^ucts manufactured by Members,** but the uninitiated 
might be pardoned for mistaking the contents of this section, some 50 pages, 
for advertisements. Moreover, as the whole publication is in the nature 
of advertisement, it seems a pity that it has been found necessary to charge 
a comparatively high price. Osrtainly it is a well-produced book, but one 
may express the hope that the judicious placing of many free copies will 
be of considerable service in assisting the revival of trade in a great industry. 

H. J. E. 

OBOLOOT 

Ammcinttm from fha Upper Kfrnmeridge Olaf. By £. Nxavxksoii, D.Sc*, 
F.G.S. Papers from the Geological Dept, of Ihe University of Liver¬ 
pool. [Pp. 52, with 4 plates and 2 text-figures.] (Liveipool: Uni¬ 
versity mn; London: Hodder St Stoughton, Ltd., 1925. Xfrioe 
los. 6d.) 

In this memdir the ammonites of the Upper Kimmeridge Clay are described 
for the first time. Three different stocks are present, repreeented iP 
the lowest sons considered (Virptiosphinctoides wheaUmmnm ifa/are- 
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ipkindes^ and dorsihpianus-xonM oil Buckmas) hy the genera Vitgaio^ 
tpkincicidBs, AttovirgaHtes, and Sphinaacira&. At various horizons up to 
the paUasianus-zont anctU these stocks branch off lineages which, in many 
cases, are homoeomorphous one with another. To these lineages the author 
gives generic names. The reader is grateful to Dr. Neavcrson for his indica¬ 
tion (p. 9) of the phylogenetic connotation of the generic names in view of 
the great influence of the personal equation upon the institution of new 
genera and species/' and in view, it may be added, of the regrettable ten¬ 
dency shown recently by some systematists to establish “ new " genera and 
species without adequate diagnoses, to say nothing of definitions of " genus ** 
and " species " in the authors' conception of these terms. 

The systematic results of Dr. Neaverson's phylogenetic study of the 
ammonite fauna rendered necessary a revision of the zonal nomenclature 
of the Upper Kimmeridgian. New zonal indices, which need not be de¬ 
tailed here, have been chosen for the main horizons, except the pectinatus- 
zone and the " Portland Sands "—a term which Dr. Neaverson suggests 
should be dropped, in view of the Kimmeridgian affinities of the fauna, 
and the clayey facies in the Kent borings. Use and wont, however, ^l 
probably perpetuate a designation which is indefensible on palaeontological 
grounds, and not always applicable lithologically. 

Judging from descriptions and figures and his own small collection of 
ammonites from the Upper Jurassic of Boulogne, the author believes that 
these forms have close affinities with those of equivalent horizons in the 
English Upper Kimmeridgian, and not with forms from the X^wer Volgian 
of Russia, with which the ammonites of the Anglo-Gallic province have 
previously been identified, on the basis of superficial resemblance. The 
author's work on the ontogenies of Upper Kimmeridgian forms has shown 
that they run an entirely different developmental course from the Russian 
VifgaiiUs. 

According to R. Douvill6 the Russian Virgatit$s fauna is derived from 
Aiaxioceras by migration from the Mediterranean area, via the Caucasus. 
Dr. Neaverson thinks the Upper Kimmeridgian fauna of the Anglo-Gallic 
area may also have had its ultimate origin in the Mediterranean province. 
As the author insists, however, a complete revision of the South European 
ammonites must be undertaken before the truth of this sx^culation can be 
established. All that can be said of the immediate origin of the Anglo- 
Galhc ammonite fauna of the Upper Kimmeridgian is that it is probably 
derived from the fauna of the Brittany region (the probable source of the 
materials of the Kimmeridgian sediments, as revealed by petrographic 
examination), through the northward drifting of the planktonic young. Of 
greater Imp^tance is the fact that the author has established proof of the 
existence of two distinct zoogeographical j^ovinces in Northern Europe in 
Upper Kimmidgian times, suggesting a continuance of the palaeog^raphical 
conditions which restrict^ the distribution of the earlier Gravesia fauna to 
the Western European province* 

John Wbir* 


aOVAHT 

A OImi Book ol Botany. By Ernest Stbnhouse, B.Sc. [Pp. xi 4 - 5x4# 
with 363 text fibres.] (London: Macmillan & Co., 1925. Moe 
71. 6 d, net.) 

A TEXTBOOK intended for students preparing for matrknlation, school 
certificate, senior local and similar examinations. A special point is made 
in having the practical lesson before the theoreticai work, a method which 
in the nrviewer's opinion will be difficult to carry out in practice because of 
the time required for such a procedure. The book is fully Ulustraied by 
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means of drawings and reproductions from photographs; some of the latt6r« 
figs. 85 and 206, are too small to adequately serve their purpose and a 
number, s.g. hgs. 124 and 177, are lacking in contrast. 

The numerous experiments are well chosen and the dividing of the book 
into headed paragraphs will help the student in his reading. Further assist* 
ance is given in the form of questions, some original, others from papers set in 
well-known examinations, appended to each chapter. £. M. C. 


Honoootjdedons. A Xorphdogtoal Study* By Agnes Arbbr, M.A., D.Sc* 
[Pp. xvi 4* 258, with frontispiece and 160 figures.] (Cambridge: at 
the University Press, 1925. Price 21s. net,) 

The authoress begins with a thoughtful chapter on the principles of 
morphology, in which she expresses the opinion that applied morphology still 
finds its most hopeful field in the comparatively modest task of pursuing that 
study of the difierentiation process which was begun by de Candolle nearly 
three hundred years ago. She naturally expresses disagreement with the 
reviewer's conclusion with regard to petiolar structure, that *' it is to function 
rather than to phylogeny that we must look for its elucidation." But in 
stating that the adaptational changes to which attention was drawn were 
purely numerical and quantitative, Mrs. Arber is scarcely accurate, for it was 
pointed out that in peltate and pseudopeltate leaves the bundles were very 
commonly arranged in a ring instead of in an arch, consequently some of the 
bundles exhibit that inverted orientation to whi^ Mrs. Arber attaches so 
great an importance. 

To those familiar with the writings of the authoress, the present pages 
offer few surprises. But to others the title of this volume may raise expecta¬ 
tions that the text does not fulfil. The sub-title is scarcely more illuminating, 
since a considerable proportion of the subject matter appertains to anatomy. 
As is rightly held, external form is in large part correlated with internal con¬ 
stitution, and hence the grosser anatomical organisation, especially in relation 
to the distribution of the vascular tissues, is appropriately described shd 
copiously figured. 

Consideration of the leaf, its modifications and its interpretation as a 
phyllodic structure, constitute the theme of nearly half the and a large 
proportion of the illustrations. Of the remainder, the chapters dealing wi& 
the root and the shoot form the largest share, whilst smaller sections deal 
with the reproductive organs, seedling structure, and various topics such as 
parallel evolution and taxonomy. 

The treatment of the floral morphology, on the grounds of the availability 
of information on this subject elsewhere, is of a very abbreviated and parti¬ 
cularised character, and ^haps constitutes ^e chief indictment against 
so generalised and misleading a title. But if the reader suffers some disap¬ 
pointment from unrealised expectations on the one hand, he wUl, on the other, 
be fully repaid in the perusal of these pages by the clarity of riie descriptions 
and the charm of Mrs. Arber’s style. The of illustrations, of which 

the number of figures gives no indication, is so great as to becoxne almost an 
embarrassment of riches in which the reader is sometimes at a loss to disentangle 
the essentials. 

Mrs. Arber's extensive study of this group has led her to support the 
concept of parallel evolution and to empmunse the importance of what the 
reviewer has elsewhere termed the " momentum of evolution " as being 
a characteristic as significant in the diagnosis of a race as its morphologicai 
or chemical features. Altogether these pages are full of suggestive intmst, 
both with regard to special interpretation and topics of a more general 
character. E. S. 
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An Intsodiiotioii to Plant Anatomy. By A. J. Eambs, Prolessor of 
Botany, Cornell University, and L. H. MacDanibls, Professor of 
Pomology, Cornell University. {Pp. xiv -f- 364, with Frontispiece 
and 146 figures.] (London: McGraw-Hill Publishing Co., 1925. 
Price 175. 65 . net.) 

Thb works iti English dealing with plant anatomy are extremely few, and of 
these, some like de Bary*s Comparative Anatomy and Haberlandt*s Phytio* 
logical Plant Anatomy, of which the English editions appeared respectively 
in 1884 and 1914, need revision in the light of recent research. Others, such 
as Solereder's Systematic Anatomy of Dicotyledons, treat the subject from a 
special aspect. A general textbook of Plant Anatomy, even of an elementary 
character, is. therefore, heartily welcome, and the authors of the present 
work have produced a clearly written and not too lengthy account which 
should serve admirably as an introduction to more specialised study, for which 
provision is made in the bibliographies appended to each chapter. 

The subject matter begins appropriately with the cell and its modifications; 
the meristems; the various types of tissue and the primary plant body. 
From these one passes to the consideration of the secondary structure and 
the anatomy of the diverse organs; ecological anatomy and the historical 
aspect of the subject. 

The intention of the authors was avowedly to write an elementary account 
in the production of which opinions will necessarily difier as to what ought to 
be included and what omitted. The organisation of Angiosperm tissues is 
admirably presented, but Gymnospermous structure is treated very briefly, 
whilst that of the Pteridophytes receives but the scantiest attention. The 
chapter on ecological anatomy, like some others, might have been usefully 
expanded, and one may perhaps doubt whether the structure of recent types 
can be properly appreciated in its true perspective witliout some knowledge 
of the anatomy of the plants of the past. Nevertheless, the student who 
assimilates the substance of these pages will have laid a sound foundation 
for future study. 

Most of the illustrations are original and comprise numerous line-drawings 
and a considerable proportion of excellent half-tone reproductions of photo¬ 
micrographs. £. J. S. 


Ipttibetfeii Papers. Vd. L Sdentiflo Results of the First Oxford Universitir 
Expedition to Spitsbe^en ( 1921 ). [Pp. xi + ca. 450, with figures and 
plates.] (Oxford University Press, 1925. Price 305. net.) 

This is a useful assemblage of the reprints of papers produced as the outcome 
of the Oxford expedition to Spitsbergen, and will be welcome by all riiose 
interested in Arctic exploration. 

The total number of papers is thirty-three, if we include a short appendix. 
These are of varying length, the shortest being by no means the least im^^rtant* 
The majority deal with various animal groups, ranging from Land-mites, 
Protozoa, and Rotifiers, to Parasitic Worms and Saw-fiies. Seven papers 
treat of the habits of birds, and there is a useful attempt to correlate the 
plant and animal communities. Thtre are five purely botanical contributions, 
Of which lour are concerned with cryptogamic groups. In addition, there are 
three papers devoted to the geologi^ and topogra^ical features of the areas 
visited. 

With this variety of material before one it is impossible in the space at 
cur disposal to give any idea of their separate contents, but we may note that 
the taxonomic results embrace seven xiew species of Diptera, one of CoUem- 
bola, one Spider, five new Land-mites, one new Rotifer, one Cestode, and one 
Alga. The additions to the pre-existing lists for the area are con^derablei 

47 
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but far more important are the data obl^ned regarding the habitats and mode 
of life of the plants and animals, which together constitute an important 
contribution towards the ecology of arctic landau 

E. J. S. 


Ml Oharaoteristios. A Field and Laboratory Guide. By Paul Emerson, 
Ph.D. [Pp. x-f 222.] (London; McGraw-Hill Publishing Co. 
Price 125 . 6d. net.) 

In the present volume the author has put forward a useful compendium of 
methods used in soil investigation, no attempt being made to demonstrate 
the features of particular types of soil. The opening section is of a general 
nature, dealing with the classification and mechanic^ analyses of soils, and 
giving a full outline of the procedure followed in making soil surveys, together 
with methods of sampling and the precautions that must be observed. Under 
the somewhat misleading heading of soil fertility are conveniently grouped 
together analytical methods for the determination of various soil constituents, 
the exact procedure being fully indicated in each case, a valuable aid to the 
student. Much space is devoted to details of preparation of equipment, 
and there is, in addition, a collection of formulae and calculations that are in 
constant use. Soil physics and soil microbiology are dealt with less fully, 
the latter giving first a general survey of meth^s of determining bacteria, 
protozoa, and fungi in soil. Chemical studies of the activities of micro¬ 
organisms lead up to means of demonstrating the biological action of nitrogen, 
carbon, and sulphur organisms on their appropriate compounds. 

The majority of the references are to American papers, as these are the 
most accessible to American students, though otlxers are included where 
necessary, and all are placed at the end of their special sections. Throughout 
the book supplementary laboratory experiments are freely suggested, with 
the idea of i^viding students with a sound working knowledge of the means 
of determining the characteristics of whatever soils may have to be con¬ 
sidered. 

W. E. Brenculey. 

lOOLOOT 

Principles of Genettos, An Elementary Text, with Problems. By Edmund 
W. SiNNOTT and L. C. Dunn. [I^. xviii -f 431.] (London; McGraw- 
Hill Publishing Co., 1925. Price 175. 6 d. net.) 

The authors state in their preface that the object of the present volume 
is to set forth the essential principles of genetics in as clear and concise a 
manner as possible.'* They have certainly been most successful. The 
whole book is readable,'* and it is not often that accounts of complicated 
genetical experiments are to be found that can be read with any ease. 
Usually a considerable effort is required to understand them. Each problem 
has been dealt with in simple terms and concisely, but it is in the selection 
of the illustrations that the au^ors are to be most congratulated. With 
the Judgment of experienced teachers of genetics, they have devised just 
those illustraticms necessary to bring out &eir essential points and to bind 
the book together in one readable story. 

The treatment of the subject follows the usual lines. After two intro¬ 
ductory chapters, Mendel's Laws of Inheritance are dealt with. This leads 
on to Linkage and the Chromosome Theory of Inheritance. After this» the 
problem of sex and its inheritance is dealt with. Here the question of the 
ph3r8iolqgical aspects of sex and sex-reversal might have dealt Rdth 
at greater leimth. The last part of the book is devoted to the practical 
api^cationcr of genetics and to a consideration of the problem d Eugenics^ 
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At the end of the book there is a useful bibliography, but it contains a strange 
omission due, no doubt, to an oversight. It does not mention any of the 
works of Leonard Doncaster.. 

Each chapter of the book is followed by a list of questions and sugges¬ 
tions for fur^er reading, which will certainly be of use to teachers of the 
subject. 


The AsoeUt of Mam By Alfred Machin. [Pp. xix + 325.] (London: 

Longmans, Green Sc Co., 1925. Price 7s. Od. net.) 

Tub main object of this book is an investigation of the theory of natural 
selection in the hope of discovering why it breaks down at the human race, 
and of seeing whether it is, in fact, capable of explaining the modus opetandi 
of human development.'* The author devotes the first two parts of the book 
to pointing out *' a fundamental error in Darwin's hypothesis," He states 
that Darwin considered that redundant reproduction caused a struggle for 
existence and resulted in Natural Selection. He disagrees with this on the 
ground that reproduction cannot become redundant, as, if it did, it " must 
tend to be reduced by Natural Selection until it becomes fitted to the needs 
of the race." He thus cuts out the first term and states simply that a struggle 
for existence gives rise to Natural Selection. The struggle for existence is 
taken simply as a fact of observation. " What is its fundamental cause 
is unknown." 


The whole of the author's argument is, apparently, based on a miscon* 
ception of the terms used by Darwin. He complains that Darwin's phrase 
" Struggle for Existence " is incomplete. " Nature is as much concerned 
for the reproduction of the individual as for the continuance of the indi¬ 
vidual's existence." But Darwin stated in The Origin of Species that ho 
used the term " in a large and metaphorical sense , . . including .. • success 
in leaving progeny." .^ain, he uses the word " redundant" in a very 
limited sense, and certainly not in the manner used by Darwin. He main¬ 
tains that if an animal produces a large number of eggs just sufficient in 
quantity to maintain the number of the species, then that number is not 
i^undant, and in one sense he is correct; but Darwin most certainly did 
not use the term in this sense when he referred to " the redundant power 
of reproduction which inevitably leads to a struggle for existence." The 
mimber is not excessive if the end result only is considered, namely the 
fact of replacing the parents, but inasmuch as the number greatly exceeds 
the number of parents, it is redundant. All the large number of offspring 
of any pair of parents vary among themselves. They are all striving to 
Hve, to function properly, and those most fitted for this functioning will, 
according to Darwin, be those that will survive to replace their parents. 
This is what Darwin referred to as one of the cases of a " struggle for exis¬ 
tence," and if the author had clearly understood this he would have realised 
the sense in which Darwin used the term " redundant." 

The last part of the book deals with the evolution of modem man and 
civilisation in the light of this revised conception of Natural Selection. 
It is of interest in that it emphasises the importance of economic and religious 
factors in iho development of modern civilisation; but, unfortunately, it is 
in parts both erroneous and antiquated. Thus in at least three places it 
is stated that the main difference betvreen mammals and reptiles is that 
tile former care for their young while the latter do not. The fact that 
the mammals have a high and steady body temperature is not mentioned. 
Again, it is stated that the chief distinction between man and the anthro- 
apes is that man has two feet in place of two hands. The work that 
has be^ carried out of recrat years on the evolution and characteristics of 
tite human brain is not mentioned. On p. 241 religion is defined in a manner 
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tbttt would not please the author of Tka Gold$n Bough, and« in Uct, the 
evolution of reli^on from magic is completely ignored. Lastly, on p. 290 
there is the statement that —mirahile dictu f—it is the mothers only ‘ * who 
transmit the physical and eznotional characters and instincts that are in 
the blood/' What that are in the blood " means is not explained, but it 
is at least pleasant to think that there is one man who has not heard of a 
chromosome. 

H. G, C. 


Svohiiioii and Oenetios. By Thomas Hunt Morgan. (Pp. ix4'2iz.] 
(Princeton: Princeton University Press; London: Oidord Univer¬ 
sity Press, 1925. Price 9s. not.) 

l^is small book is described by the author as '' an attempt at a criti<}ue 
of the Evolution Theoiy/* in which special attention is paid to " the bearing 
of the recent discoveries in genetics and in mutation on the problem. It 
is always a pleasure to be able to find collected together in a concise and 
readable form the most recent views of so undoubted an authority as Prof. 
Morgan on his own subject. Prof. Morgan has expressed his views very 
clearly, and in a very simple manner, using only the simplest examples as 
illustrations. 

After dealing briefly with the history of the Evolution Theory, and then 
describing the evidence for organic evolution, the author devotes a chapter 
to the Materials of Evolution. Here the question as to what constitutes a 
species is discussed at some len^h. Prof. Morgan cannot accept Mr. Bate¬ 
son's view that the production of an indubitably sterile hybrid from 
completely fertile parents " would mark a critical advance in the solution 
of the problem of the origin of species. He puts forward the view rather 
that in the formation of new species some sort of isolation is needed—a view 
that will be dear to maiw Lamarckians. This isolation would result in many 
kinds of mutational diflerences and apparently interspeciflc sterility would 
result from these. It seems a pity that, as the rest of the book is devoted 
to discussing the bearing of recent Mendelian and other experimental work 
cm the problem of the origin of species. Prof. Morgan was not able to put 
forward some more satisfactory criterion of species. 

A chapter is devoted to the question of the inheritance of acquired 
characters, and this is the most unsatisfactory part of the book. It is so 
biased in favour of their non-inheritance that readers can hardly be expected 
to accqpt it as a critical survey of the problem. Thus Prof. Morgan quotes 
Pawlow's account of his work on the inheritance of conditioned reflexes in 
white mice. Whether Pawlow's work will be found to be correct or not, 
it seems a pity that Prof. Morgan, having, as he admits, no direct evidence 
agadnst the work, suggests that, if it is true,'' we might soon look forward 
to the day when the ringing of bells would endow our great-grandchildren 
with all the experience of the generations that had preceded them." It can 
only be surmised that Prof. Morgan is unacquainted with the extremely 
difficult technique of establishing a conditioner reflex. Prof. Morgan also 
makes no mention in this chapter of the recent work on the evolution of the 
human brain. There are many in authority who consider that this work 
throws a completely new light on the question of the inherited eflects of 
use and disuse; but perhaps Prof. Morgan would not consider evidence from 
comparative anatomy permissible in the discussion of this subject. U it 
not time that someone put forward the suggestion that some aoouired 
characters ars inherited, while other characters are not "acquired/' but 
are also inherited ? The very diversity of the nature of characters would 
suggest that this is the most profitable view t6 adopt, 
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PAXJBOVTOLOOT 

ftxtbook ol Palieontology. By Karl a. von Zittel. VoL III, Mam¬ 
malia. Revised by Max Schlosser, Ph.D. Translated under the 
direction of Charles R. Eastman, Ph.D. Translation revised, with 
additions, by Sir Arthur Smith Woodward, F.R.S. [Pp. viii 4 - 
316, with 374 illustrations,] (London: Macmillan & Co., 2925. 
Price 25s. net.) 

Dr. Eastman’s version is a literal rendering into English of Dr. Max Schlosser's 
revised account of the Mammalia in Zittel's GrundzUgt der Paldontologie, 
In completing the work, left unfinished by Dr. Eastman's death in 19x8, 
Sir Arthur Smith Woodward has included the most important recent dis¬ 
coveries, and has extended the bibliographies to include later literature. 

The plan of the work differs in no essential respect from that adopted by 
Dr. Schlosser in the 1923 edition of the Grundzuge. Squalodontid and 
delphinid whales are treated as families of Odontoceti, Pyrotheria as a sub¬ 
order of notoungulates; the Primates are described under the suborders 
Pfosimia {Lemutoidea), Anthropoidea, and Bintana (Hominida). 

The work is uniform with Vols. I and II of Dr. Eastman's translation, 
and maintains the very high standard of this remarkable series. 

John Weir. 


xsBzours 

Louis Pasteiir* By S. J. Holmes, Ph.D. [Pp. iv -f 246.] (London; 

Chapman & Hall. Price yr. 6 d, net.) 

In adding yet another to the number of books on Psistcur, the author does 
not claim to make any new contribution to his subject. Maintaining, as 
he does, that Pasteur's work cannot be too widely known, he restates in 
simple terms that series of brilliant discoveries which have made his hero's 
name a household word. The interpolation of a chapter on micro-organisms 
at an early stage of the book renders it possible for the reader with little 
or no technical knowledge to follow the master’s achievements as here pre¬ 
sented. Such a reader will appreciate the sequence of work that seems to 
follow as the logical result of the researches on ciystallisation, the later 
developments coming with a certain inevitableness as problem after problem 
presented itself for solution. 

The author's further claim that he has presented an idea of Pasteur's 
personality cannot be conceded. Such presentation as there is depends 
mainly on quotations from letters and speeches, many of them couched in 
the formal terms associated with addresses of welcome. And it is because 
the description of his work is adequately done, whilst that of his personality 
fails, that the casual reader may obtain the impression that Pasteur lacked 
some of those qualities which made him one of the most lovable as well 
as one of the most brilliant men that France has produced. 

H. J. E. 


OffRnio Hadioaments and Hieir Prepantton. By Ernest Fournbau. 
Authorised translation by W. A. Silvester. [Pp. x + 262.] 
(London: J. d: A. Churchill. Price 155. net.) 

During the last ten years considerable attention has been given in England 
to the manufacture of organic drugs, and as a consequence the theoretical 
and practical aspect of the subject is now receiving more attention from 
teachers and students. This excellent book, originally published in Paris 
in 2922, is now available for all English-speaking readers and should serve 
to a greater number into touch with the brandi of organic chemistry 
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with which it deals. It had its origin in a course of lectures given in Madrid 
by M. Fourneau about eight years ago, and this course is now presented in 
crystalline form. Tliis last expression is used advisedly in view of the con* 
cise and logical method of dealing with the subject. Naturally one does 
not expect a complete treatise ; certain sections of drug chemistry are alto¬ 
gether absent, but the book possibly gains in value as a result. 

The theoretical section is of no ordinary type; excursions into pharma¬ 
cology, works costs, and other subjects render it of unusual interest. It 
covers ground which is common to more than one science whenever such 
extension of the main subject is useful. On the practical side a series of 
preparations is given: many of these will be new to the average student, 
and might well replace on occasion some of the older exercises winch deserve 
a well-earned rest. 

Mr. Silvester's translation is eminently satisfactory; the few errors 
in the original French edition have been corrected and some notes on more 
recent work added. 

H. J. E. 


Ihe Erythrocyte and the Action of Simple Heemolysins. By Eric Ponder. 
[Pp. X 4* 192.] (Edinburgh and London: Oliver & Boyd. Price 
12s, 6 d. net.) 

The editors of the Series of Biological Monographs and Manuals, of which 
this is No. II, have rightly gauged the interest which is being shown more 
and more, both by the lay public and by those whose scientific work lies 
along other lines, in the results obtained " in the held of general physiology 
and of experimental biology and in the application of biological principles 
to economic problems," as is shown by the list of the volumes of the series. 

The volume under review is one which more particularly carries out their 
second aim, to provide monographs by the specialist which shall supplement 
the general knowledge which is all that workers even in a related hdd may 
have of a particular part of a subject in these days of extreme specialisation. 
The book is divided into two parts, the first covering the morphology, 
chemistry, and structure of the erythrocyte, the second discussing the action 
of simple haemolysins. It is very definitely a presentation of the author's own 
work in this special field, and has been made the occasion of a critijcal survey 
of the work of others in the same field. 

This plan does not detract from the enjoyment of the first part, which, 
with its collection of data and its account of the author's work, is remark¬ 
ably useful and interesting. But in the second part, where admittedly the 
author is dealing with a subject whose investigation is beset with pitfalls, 
this^ element of criticism is so conspicuous as to overweight the genuine 
interest of the results described, and so to leave on the reader's mind an 
impression that the amount of destructive force employed is not balanced 
by the amount of work achieved. 

W. C. CULLXS. 


Pliyiiologioal and CSinioal Chemistry. By W. A. Pearson, Ph.C«, 
Ph.D., M.D.. and J. S. Hepburn, A.M., B.S.. M.S., Ph.D. [Pp. xvi 
•f 306, with 30 iUustrations.] (Philadelphia and New York: Lea 
and Fcbiger, 1925. Price I4.) 

Tms book suffers from the defect of representing but one of a series of courses 
in chemistry given to the same students. Its edges are ragged. Thus the 
iUtroductory chapter on organic chemistry is little more than a dictionary of 
substan^s of physiological and clinical interest, and the chapters cm carbo¬ 
hydrates and proteins, Plough more extensive/have scared achieved a 
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ha^py solution of the old problem of the amount of theoretical discussicm 
wmch would be introduced into a practical textbook. A judicious curtail¬ 
ment of some of the ramifications of the text would have permitted a needed 
elaboration of detail in both theoretical and practical description. On the 
other hand, the book is interleaved with blank pages—a provision which 
bespeaks a real sympathy for the harassed medical student—so that it may¬ 
be the intention of the authors to pass on to the reader the responsibility for 
elaboration. 

The experimental work detailed on tissues, enzymes, digestion, blood, 
urine, fajces, and foods is adequate and includes some novel and probably 
sodnd departures from conventional curricula. Quantitative methods have 
been chosen, not for their intrinsic instructive value, but rather for their 
simplicity and convenience to routine clinical demands. 

Recent years have provided us with a choice of books whose object is to 
equip the reader with sufficient empirical technique for the routine require¬ 
ments of medic.a1 practice. The present volume is as satisfactory as its pre¬ 
decessors in this purpose. The student who seeks in chemistry a scientific 
culture which will enlighten his studies of medicine will be less satisfied. 
He is not likely to be put ofi with such picturesque absurdities as the following 
quotation : The composition of the adult human body corresponds to i,ooo 
eggs or 38 quarts of water; 60 lumps of sugar; 20 teaspoonfuls of salt; 
iron enough for 7 spikes ; . . . enough graphite to make 10,000 lead pencils; 
phosphorus enough for 800,000 matches; besides 3,500 cubic feet of gas. 
..." We would like to excuse this as mere playfulness. 

R. K. C. 

Food and Health. By R. H. A. Pummer, D.Sc. (Lond.), and Violet 
G, Plimmer. [Pp. 64, with coloured frontispiece and diagrams.) 
(London ; Longmans, Green and Co., 1925. Price, paper cover 25., 
cloth cover 35. 6d., Food Chart 3d.) 

This modest little book sets out to tell " the principles which should guide 
the selection of food and to point out which foods should be eaten and why 
others should be avoided." It is essentially a brief popular version of the 
authors* more comprehensive treatise on the vitamins. The argument is 
written round a geometrical materialisation of the principles of dietetics in 
the form of a simple coloured diagram. Distortions of the symmetry of 
this become the symbols of various departures from the squareness of a 
** square meal." It is doubtful if the general reader will regard as a comple¬ 
ment the constant intrusion of this diagram into a text which itself presents 
no intellectual difficulties. But, perhaps, the cross-word puzzle has created 
an appetite for such diversions. 

Few will disagreee with the contention that there is wisdom in taking 
thought of what we shall eat. Many may even agree that civilised man has 
lost all instinct for the proper choice of food. Amongst these latter we shaU 
expect to find the more ardent disciples of the square meal.'* 

R. 1 C. 0 . 

MlMOXZAAVBOVfl 

Hem Hortab, Medico-Historical Essays—Second Series. By C. Mac- 
Laurin, M.B.C.M., F.R.C.S.E., etc. [Pp. 276, with 8 portraits, 
undated.] (London: Jonathan Cape.) 

Ah attempt to make a diagnosis, but only from such signs and 83rmptom8 
as remain in riie memory of history, in the medical cases of Samuel Johnson, 
Henry VI. Henry VIII, Edward VI, Mary Tudor, Elizabeth, Ivan the Terrible, 
Luther, and others, including Nietzsche. Schopenhauer, and Spinoza. The 
auAor is conscious of the fir^uent scantiness of existing evidence, but does 
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his best to trace the pathological caiises of conduct in his 8ubject8« and« so 
far as we know, his attempt is a novel one. Medical readers will often tend 
to doubt his conclusions—though not his wit and originality. For instance, 
if such a slow-spreading disease as syphilis came from America in the reign 
of Henry VII, it could scarcely, by orchnary chances, have so quickly reached 
such a high person as his son, Henry VIII, as the author maintains. We 
doubt that in 1550 everybody was suffering from syphilis (page 77). 
After all. bluff King Hal had three children, one of whom proved to be ^r- 
haps the most capable sovereign we ever had, and we seem to remember 
that Roman history was not wanting in examples of corpulence and other 
defects equal to his. Use has been made of a series of articles on Royal 
Death-Beds which appeared in the British Medical Journal for 1910. There 
is a chapter on epidemics. Malaria may have been responsible for the fall 
of Greece, but scarcely for that of Rome (page 226). We have our doubts,, 
too, about the destructive influence on civilisation alleged against many of 
the great diseases, including plague and syphilis: nations can apparently 
acquire at least partial racial immunity against almost any disease ; and we are 
especially sceptical regarding the syphilis bogey, though many doctors now 
display it vividly to terrified patients. The book is, however, much more 
suitable for medical than for lay readers. It can be recommended to the 
former for its scientiffc interest and to the latter for its general appeal, 

R. R. 

The Travd XMary of a Philosopher, By Count Hermann Keysbrlino, 
translated by J. Holroyd Reece in two vols. [Vol. I, pp. 336.] 
(London: Jonathan Cape, 1925. Price 365. net.) 

This first volume is alleged to deal with the author's travels in Ceylon and 
India, but Is chieffy concerned with mere reffections which might have been 
made anywhere, put together without dates or itinerary and with little topo¬ 
graphical description, so that the name ** diary " is scarcely justified. The 
word " philosopher " has now also become almost too nebulous for use; 
and in fact the book is really a collection of miscellaneous opinions set forth 
at great length. It is Germanic, arrogant, and dull, and in spite of occasional 
interesting passages, we soon begin to question the author's ffnal judgxnents. 
He is severe on the English (page 69), but recognises " their superiority over 
the other peoples of Europe. . . . They alone are really perfect in tjieir 
way amongst all Europeans [sic]." Then he talks of ** the infinitely richer 
nature of the German "—we doubt all these propositions. He expa^tes at 
great lenf^ on the Buddhist and Hindu religions, rites* and philosophies; 
but it is difiSicult to review his conclusions, because we can never quite ascertain 
what they are. For instance, he sa^ (page 57)» ** How infinitely more easy 
it is for the inhabitants of the tropics to evince profound religious thought 
than it is for one of us I Of course, no concept is necessarily related to 
its metaphysical reason: Buddhism is right. The Westerner, however, is 
organised physiologically in such a manner that he cannot recognise this 
truth without further ado. He is too much entangled in the realm of appear¬ 
ances to attain the necessary distance for judging them. . . . How infinitely 
better off are the inhabitants of the tropics I They do not need to seardh 
for correspondingly exact expression; every form, or none at aU, suits tttm* 
For, thanks to their mere physiology, they are conscious, as a matter of course* 
at the very things which, among us, are only revealed to an exceptional mind " 
—such, we suppose, as the author's. What really does he mean by all this t 
Each of these sentences is capable of half a dozen interpretatioUs according 
to the senses in which the words may be taken. Words* words, words I 
German philosophy* having loaded the world with ambiguitiei far nearly 
two centuries* will now doubtless fall at the feet of Buddha and Vi^n 
or even ascend to the heights of the African Ju-Ju ! There is no realiiy in 
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all this. The barbaric m3rthologies which the author attempts to revise are 
merely the ecdyses—^thecast-ofi skins—of the human mind in its way towards 
the only sound faith, that of scientific process, which is possible to the intd* 
lectual imago. 

R. R. 

Matter, Man, and Mind. By W. F. F. Shearcroft. [Pp. 191.] (London: 
Ernest Benn, 1925. Price 8s. 6rf. net.) 

The alliterative title of this book suggests a discussion between monism and 
dualism, or at least an essay on the nature of mind; and as most of the chapters 
possess fanciful titles such as Primordial Mudand “ Bottled Sunshine," 
the prospective reader can form no accurate survey of the work by looking 
at the Contents, and may indeed say rude things about it in his haste. It 
is really a brief but excellent abstract of the more recent conclusions of science, 
made for the instruction of those who cannot follow the innumerable paths 
of research for themselves. It contains some conclusions of an ultra- 
scientific nature with which few scientists will agree ; but as a rule the author 
keeps to the high road and guides the tourist skilfully along that wide but 
sometimes winding way, 

R. R. 

A Oomie in Philosophy. By George Pbrrings Conger, Ph.D., Assistant 
Professor of Philosophy, University of Minnesota. [Pp. xii + 603.] 
(London: G. Bell and Sons, Ltd., 1925. Price i^s. net.) 

This very substantial Course in Philosophy embodies an attempt to write 
a more comprehensive and more constructive introduction to philosophy 
than any of the other books now available. Dr. Conger has certainly planned 
it in grand style. The work consists of three parts—topical, historical, and 
analytical. The aim in Part One is to raise questions and to show how philo¬ 
sophical problems arise in connection with various studies, literary, artistic, 
moral, economic, scientific, and religious. Part Two consists of a brief 
survey of the history of philosophy, from its beginnings to the present 
day. Part Three gives an analysis of philosophical theories, and is divided into 
four divisions devoted respectively to Epistemology (or Theory of Know¬ 
ledge), Metaphysics (or Ontology), the Normative Disciplines (Ethics, Logic, 
.Esthetics, and their bearing on various problems), and Philosophy of 
Relimon. The volume also contains three appendices, in the first two of 
whi<m Dr. Conger gives the main outlines of his own philosophy, while the 
third presents a list of about a hundred volumes constituting a working 
library of philosophy. Throughout the volume, moreover, there are given 
full bibliographies relating to the literature on the problems discussed in 
toe various chapters. 

Dr. Conger's elaborate scheme must have involved much thought and 
labour; and his book will pibbably be found helpful by some people, 
especially teachers. But too actual execution of Dr. Conger's plan leaves 
much to be desired. The author has really attempted much too much. 
Ibe general treatment is so slight and scrappy as to make the volume appear 
pretentious; and the bibliographies are almost the best part of toe b^k. 

A. WotF. 

ftatiatlenl Methods for Besearoh Workers. By R. A. Fisher, M.A. Biological 
Monographs and Manuals. [Pp. viii -f 239. with 6 tables.] (Edin-* 
burgh and London: Oliver and Boyd, 1925. Price 155. net.) 

Me. Fisher has undertaken the very difficult task of attempting to put 
before research workers in biology and agriculture, who are without any 
special mathematical training, a summary covering Jt great range of methods 
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and results in the mathematical theory of statistics* The book is chiefly 
concerned with the best methods of handling small samples, and purposely 
no general attempt is made to supply proofs of the results quoted, but forty- 
five examples are worked out fuUy in the text illustrating different method 
of attacking a variety of problems. After conscientiously working through 
the examples, the student should feel able to apply the methods to exacUy 
similar problems, but it appears a little doubtful whether without a thorough 
grasp of the underlying principles he could be safely trusted to tackle other 
problems where the conditions are somewhat altered. This is of course a 
criticism which applies to all books that attempt to provide a short cut to 
advanced results by avoiding a thorough grounding in the elements. 

From the theoretical point of view it is necessary to read the book in 
conjunction with the au^or's papers published elsewhere, and one must 
confess to some difficulty in following several of the proofs baused on the idea 
of degrees of freedom which appear to rest on arguments from analogy. 
Again, a long-established method such as the use of the correlation ratio is 
passed over in a few words without adequate description, which is perhaps 
hardly fair to the student who is given no opportunity of judging its scope 
for himself. 

But if old metliods are dismissed somewhat summarily there are several 
fresh results of considerable interest as well as new tables, and anyone 
interested in the theory of small samples can hardly pass over Mr. Fisher’s 
contribution to the subject. 

E. S. P. 

Population By A. M. Carr-Saundbrs. [Pp. iii.] (London: Oxford 
University Press, 1925. Price 2 s. 6 d. net.) 

It is often assumed that, in the history of mankind, an increasing population 
is the normal state of affairs, and that this increase must inevitably continue 
until, as the pessimists predict, some terrible calamity falls upon an over¬ 
stocked world no longer able to support itself. The short but suggestive 
survey that Professor Carr-Saunders provides in this book helps us to take 
a wider view. We have of course no direct evidence from prehistoric times, 
but arguing from observations made on primitive races of hunting and agricul¬ 
tural people existing at the present day, it seems probable that throughout 
the long run of man's history a stationary population has been the usual 
thing. Even in historical times, if we consider our own country, the increase 
in population between the Norman Conquest and the end of the eighteenth 
centt^ was very slow compared with the increase of the past hundred 3rear6. 
In coMdering ^owth of any population, it is necessary to distinguish 
between the &eoretically possible increase based on the enormous potential 
fecundity of man, the actual possible increase which will alk>w a population 
just not to starve, and the desirable increase leading to that optimum density 
which allows the average man to obtain the best Uving whieffi his particular 
stage of civilisation can provide. From a review of the historical evidence 
the author comes to the conclusion that in the past the growth of population 
has on the whole approximated to the desirable rather than the possible 
increase. In prehistoric times there was for centuries little increase in 
knowledge of methods of production, and the density of population probably 
remained almost stable; in the historic period in Europe man*8 increasing 
power of production on the whole kept pace with the increase in the popu¬ 
lation ; and even the enormous increase which has occurred in this and 
other countries during the last hundred years following the industrial revolu¬ 
tion can be looked upon as having only kept pace with the requirements of 
the situation. 

But if a population is to be kept at its optimum and not its maximum 
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possible density, a limitation in increase will always be necessary except 
under certain peculiar and temporary cQnditions. In early times the checks 
were found in the practice of tribal customs followed by man without full 
consciousness of what he was doing—in abortion, infanticide, and absten* 
tion from intercourse—while in later Christian Europe pressure of circum¬ 
stances encouraged the postponement of marriage and at the same time 
ravages of disease played a powerful if irregular part. And now after a 
short period of almost unrestricted increase, the growing practice of birth 
control is perhaps a sign that man is groping with a greater consciousness 
for some new “ tribal custom to meet the old need which must always be 
present, of keeping the density of population within bounds. The problem 
bristles with difficulties, for there is such a thing as quahty as well as quantity 
of a population, and there are tlie relations between nations as well as between 
the classes within a nation to be considered; but the more it is thought of 
and discussed the more readily will a solution be found. And without 
doubt the survey in this Uttle book serves to put the matter in its true 
perspective. E. S. P, 

Oenetic Studies of Genius. Vol. I.: Mental and Physical Traits of a Thousand 

Gifted Children. By Lewis M. Terman and Others. [Pp. 

XV 4* 648,] (Stanford. California: Stanford University Press, 1925. 

Price $5.00.) 

This book is the first of a number of volumes which Dr. Terman and his 
collaborators hope to publish, describing the progress of an interesting 
investigation regarding the mental and physical characters of some x,ooo 
gifted children. The scope of the undertaking is indicated by the fact 
that the cost of the work already carried out has amounted to about 
$50,000. The most important part of the inquiry deals with 643 boys and 
girls mainly between the ages of six and thirteen, selected by their high 
scores in Stanford-Binet Intelligence Tests and believed to be representative 
of the most gifted children in the State schools of a number of Californian 
towns. Nearly all the children obtained an Intelligence Quotient score 
of over X40, which is reached in an unselected population by about i child 
in 200. Very detailed information was collected for each of the selected 
children; the results of intelJigence, educational, and general knowledge 
tests; the children's statements as to amusements, hobbies, games, etc.; 
independent scalings by parents and teachers of physical, mental, social, 
and moral traits; medical information and anthropometric measureinents; 
details regarding home conditions, profession of father and records of ances¬ 
tral ability. Similar information was available or specially collected for 
various control groups of unselected children. 

The labour involved must have been very great, but even then, when 
divided into sexes and subdivided into age groups, 643 children are not 
sufficient to provide any certain measures of the correlation between 
difierent physical and mental characters—a fact which is perhaps not suffi¬ 
ciently realised by some of the contributors, who appear too ready to draw 
conclusions from mere percentage comparisons based on very small numbers. 
But, taken as a whole, the general run of the results provides definite in¬ 
formation as to the general characteristics and personal traits of the upper 
i per cent, of children tncasured on the Stanford-Binet Intelligence scale, 
and shows that these children are not only intellectually but also to a 
smaller degree physically above the average ; that this superiority is usually 
evidenced at any early age, and appears to have nothing to do with the 
amount of sdiooling; and, further, that there is distinct evidence for the 
hereditary nature of this superiority. In fact, as the author remarks in 
referring among other inquiries to Galton's work on HsredUary Gsnit$s, m 
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a State which justly prides itself on the equality of educational opportunity 
provided for children of every class . . . the ten«year*old child of the Cali¬ 
fornian labourer competes for high I.Q. rank no more successfully than the 
labourer's son competed for genius rank in Europe a hundred years ago.** 

These are briefly some of the conclusions of what is really only a pre¬ 
liminary work of inquiry; in general they help to confirm results obtaified 
in similar inquiries carried out previously in the States and this country, 
and in addition break fresh ground. But one of the most important 
purposes that Dr. Terman has in view is to follow up the history of the sub¬ 
jects for at least ten years, and so by a comparison of promise and perform¬ 
ance to get some idea of the usefulness of the scorings of intelligence and 
anthropometric tests as prognostic measures of the individuars future 
ability and value to the community of which he or she is a member. This 
is a field so far all too little explored. At present it seems only proposed 
to follow up the history of the gifted children. One hopes that it may be 
found possible to follow up a definite group of unselected children, for it 
is likely to be difficult to draw satisfactory conclusions from the history of 
the gifted only, for the 643 must inevitably dwindle as the years go on by 
loss of touch, etc. Although the boy with the average I.Q. score may be 
less likely to obtain academic distinction or find his way into Who*s who, 
it may well be that he will fill more successfully and usefully than his more 
gifted schoolfellow many fields of activity in his State or city. 

We shall await the results of these further inquiries with much interest. 

E S. P. 


Itediing Sdeflee In the 8oho(ds. By Elliot R. Downing. [Pp. xiii 
•f 185, with 12 illustrations.] (Chicago: at the University Press. 
Price 2 dollars.) 

This is the second work in the series on the Teaching of Science published 
by the University of Chicago Press. It deals with the subject from a point 
of view quite diferent from that of Mr. Eikenberry, the author of the first 
book in the series. An historical review of the development of science teaching 
an over the world is followed by an exhaustive tabulated study of the present 
conditions of science teaching in American schools. The freedom that is 
given to American children in the choice of the subject matter ^ of their 
education allows for interesting inquiry into the subjects oflered in tibe High 
Schools and Universities. Further, it is interesting to note that in the 
selection of the subject matter of Science Teaching and in its manner of presen¬ 
tation, American teachers are moving rapidly in the direction of humanisation. 

Our American colleagues too have a ** fiair ** for experimental tests to 
determine the relative values of different methods of teaching. In spite 
of the complete ignoring of the personal equation that these involve, mey 
almost invariably arrive at the same conclusions as our own educationalists 
working firom accepted pedagogical principles of a more or less psychological 
character. 

A long chapter on Science Teaching in Europe, with special reference to 
France and England, reveals some very striking comparisons. It is impossible 
i^ot to feel some sense of satisfaction, however unworthy it may be, in the 
acknowledgment of the writer that the tuition in the English seconda^ 
schools is higher than it is in most first-class American Universities. It 
is only fair to recall that secondary education in America is far more wide¬ 
spread than with us. As the writer rather naively expresses it, referring to 
the free higher education, *'we expose him to the contagion of an education 
as long ae possible in the hope that he will tsdee it.'* 

The EhgHah teacher will be stimulated by reading this book, leadin^m, 
as it win, to new points of view of his work. W. C.lB. 
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